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ABSTRACT
The purpose of this study was to determine if eighth-graders could acquire vocabulary
incidentally while listening to nonfiction read-alouds connected to the physical sciences
curriculum. In this quasi-experimental study 3 of 6 intact eighth-grade science classes
listened to 14 nonfiction read-aloud selections of nonfiction passages selected from books
not commonly found in schools but which related to the curriculum which the students
would be experiencing in eighth grade. Pretests and posttests were administered to all 6
classes comprising 154 students. Reading ability was included as a variable. Target words
comprised of technical and nontechnical words. Assessments included a vocabulary
matching task with 30 vocabulary words and 6 student-generated definitions. No
significant differences were found between the complete treatment and control groups on
first measure. However, there was a significant difference in favor of the high-ability
treatment group on the vocabulary matching task. Students in the treatment group also
appeared to perform better on a measure of the depth of word knowledge. Several science
teachers were interviewed and surveyed regarding the importance of teaching of science
vocabulary. While reading aloud in science classes is not a common practice, many of the
teachers indicated that they could see a value in doing so. Several students were
interviewed regarding their listening experiences during the read-aloud sessions. The
responses to the experience were mixed. It was posited that this may have been because
the reading was done by the experimenter rather than the science teacher herself.
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CHAPTER ONE
Background of the Study
Introduction
The school board of my K-8 suburban public school district noted that vocabulary
scores on the state tests and achievement tests are lower than the scores on other reading
subtests. Several years ago they asked principals to encourage teachers to add vocabulary
components to their reading classes. Since I teach reading, writing, and language arts in
the middle school, the school board’s request became my mission. Vocabulary was
already being taught directly in my language arts classes, but we added Word Wisdom
(2004), a specific vocabulary program that focuses on teaching morphemes, as a means to
discovering word meanings in context.
Content area teachers are concerned about vocabulary, too. They are starting to
understand how important it is to teach vocabulary as well as other content area reading
strategies in science, social studies, and math. Because of this, our middle-school content
area teachers are looking for instructional practices that support vocabulary acquisition.
Several content area teachers took a reading across the curriculum workshop from me.
They already incorporate the teaching of selected technical vocabulary using a direct
teaching model, but they noted that other unknown words appear in the text, tests, and
directions. During the workshop, I demonstrated reading aloud and presented research
supporting the use of read-alouds for developing comprehension and vocabulary. Readalouds are employed extensively in the primary grades of this district, but only
sporadically in the middle-school content area classes. When I explained the idea for my
dissertation, the content area teachers encouraged me to pursue it. Several offered classes
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for the study. They are hopeful that reading aloud will expose children to more
vocabulary and deepen their vocabulary knowledge.
In my job teaching language arts to middle-school students I observed that the
unknown vocabulary causes frustration for students as they take tests and read new
material. Nagy, Herman, and Anderson (1985) noted that vocabulary is key to
understanding text, especially nonfiction. When readers are unfamiliar with the words,
they cannot fully comprehend what they are trying to read. Because students need to
know the vocabulary of content areas, such as science or social studies, teachers spend
time in class developing the understanding of key concepts represented by technical
vocabulary (Fang, 2006). The key concept words are taught directly by the content area
teachers and are the basis of content area learning, yet there are many other words in their
text that expand understanding of key concepts. Content area teachers agree on key
vocabulary they need to teach (Blachowicz & Cobb, 2007). However, while they focus
instruction on the key vocabulary, they expect students to know the general vocabulary.
Not knowing general vocabulary causes difficulty for children in test-taking
situations and, therefore, students need exposure to these words. For example, in one
particular sixth-grade class, the scores from the TerraNova (1997) on the vocabulary
measurement were low. An analysis of the test items suggested that even though students
had learned the content, the vocabulary of the questions might have interfered with the
students’ ability to understand the question. Words like paces and precisely are words the
students were not taught directly in content area curriculum because they are not key
concept vocabulary. These words are not even used in the text. Yet, not knowing these
words might have resulted in the incorrect answers on the test. There are many such
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words in textbooks, and students are often left on their own to figure out unknown words
from context while independently reading their content area texts (Fang, 2006).
Steven Layne, president of the Illinois Reading Council, did a study to determine
the effects of reading aloud on vocabulary acquisition of fourth-graders. While his readaloud study did not focus on nonfiction, it became a research model that I adjusted to my
study of nonfiction read-alouds. Layne (1996) studied fourth-grade students’ acquisition
of vocabulary from listening to teachers reading aloud. The procedures included three
different read-aloud strategies: reading aloud only, reading aloud with discussion, and
reading aloud with journaling and discussion. Layne found that all three read-aloud
strategies were effective, and the fourth graders did learn vocabulary. He found that the
interactive scaffolded strategies led to more vocabulary learning than did simple readaloud, but the simple read-aloud also resulted in vocabulary growth.
Even though reading aloud plus journaling or discussion lead to greater
vocabulary learning (Layne, 1996), I wanted to know if reading aloud with no journaling
or discussion would be effective in vocabulary acquisition with older students. I chose
this simple read-aloud model because I thought content area teachers might be more
likely to employ a strategy that involves only 5 to 10 minutes of their class time than to
lead longer discussions or incorporate journaling.
Rationale
I asked a colleague if reading aloud for a few minutes at the beginning of science
class is practical. Not only did she agree that it is, but she believes reading aloud has
potential benefits for her students. She has read excerpts from El Nino: Unlocking the
Secrets of the Master Weather-Maker and Flood, Droughts, and Climate Change to sixth-
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graders during the first five minutes of class. She noted that it took very little time to read
this material, and the students were interested and attentive. Later, students picked up the
books to read more. She has developed a style so natural that children do not notice how
much effort she puts into finding read-alouds that enhance her curriculum. She finds short
readings in a variety of contexts, including magazines, newspapers, books and the
Internet.
My initial interest in researching incidental vocabulary stemmed from a love of
reading aloud to my children, my students, and a conversation I had with Steven Layne,
President of the Illinois Reading Council, about incidental vocabulary acquisition through
read-alouds. My own children were known to stop bickering when I brought out their
books. My students, regardless of their ages, pay attention to read-alouds of both fiction
and nonfiction. People of all ages enjoy being read to, so I decided to use simple readaloud of nonfiction text. My design is based on Layne’s (1996) study. While his involved
three different read-aloud treatments, I decided to use a pure read-aloud method with no
discussion or journaling. I recruited the eighth-grade science teacher whom I had worked
with when she taught sixth-grade science, and I knew that she follows the
recommendations about classroom environment from science education research (Abell
& Lederman, 2007). She uses the textbook as the course guide, includes live
demonstrations and hands-on activities, employs multimedia materials, and connects
lessons to real-life events. In addition, she knows her students and is enthusiastic about
science and its real-life applications. These are among the most desirable characteristics
of a middle-school science teacher (Osborne, Simon, & Collins, 2003). She was the only
teacher of the six sections of eighth-grade science, so her positive attitude contributed to
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the successful completion of the study. She welcomed me to read to her classes. The
major challenge was finding materials to match the eighth-grade curriculum of physical
science.
Because of these conversations and experiences, I decided to proceed with the
study of incidental vocabulary acquisition from reading nonfiction aloud to eighthgraders in science classes. There is a real need for vocabulary development in content
area classes. Reading aloud is a widely accepted practice in lower grades, and it provides
students multiple exposures to much more vocabulary than can be directly taught. Many
studies show that multiple exposures to words result in vocabulary acquisition (Jenkins,
Stein, & Wysocki, 1984; Stahl, 2003a; Stahl & Fairbanks, 1986; Ulanoff & Pucci, 1999),
and through repeated and varied experiences with words, children acquire various levels
of word knowledge (Beck & McKeown, 2002; Beck, McKeown, & Omanson, 1987;
Nagy et al., 1985). From my observation, students are very attentive when I use reading
aloud to introduce genres and teach literary techniques, so perhaps eighth-graders would
listen to science articles. While many empirical studies report that reading stories aloud to
young children increases their vocabularies and reading success in school (Anderson,
Heibert, Scott, & Wilkinson, 1985; Brett, Rothlein, & Hurley, 1996; Dickenson & Smith,
1994; Elley, 1989), there are few published studies that report the benefits of reading
nonfiction aloud to older students in order to support their incidental vocabulary learning.
In addition, few middle-school teachers read to students (Jacobs, Morrison, & Swinyard,
2000). The eighth-grade teacher welcomed the opportunity to participate in the study, and
the school administration supported the project.
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Statement of the Problem
Older students are usually in content area classes for 40 to 50 minutes a day.
Teachers do not have a lot of time to teach all of the technical vocabulary directly, nor do
they have time to read aloud to their classes. However, what if it only took 5 to 10
minutes a day to read nonfiction that was engaging and rich with vocabulary? And, what
if students very naturally acquired vocabulary from listening to the read-alouds that
would lead to their understanding of key vocabulary connected to topics of study?
Although key technical vocabulary is taught in content area classes, nontechnical
vocabulary is usually left untaught. Can middle-school students learn both nontechnical
and science vocabulary from listening to nonfiction read-alouds? Can students develop a
deeper knowledge of words through science read-alouds?
The overlying question explored in this study is: What are the effects of reading
nonfiction out loud on the incidental vocabulary acquisition of eighth-graders?
The following six questions guided this study of incidental vocabulary acquisition
during nonfiction read-alouds:
1. Will eighth-graders who listen to nonfiction read-alouds learn more vocabulary
than eighth-grade students who do not listen to read-alouds?
2. Will high-, average-, and low-ability eighth-grade students, as determined by
cognitive skills scores, be equally successful at learning vocabulary from nonfiction readalouds?
3. Will eighth-graders learn both technical and nontechnical vocabulary from
nonfiction read-alouds?
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4. Will eighth-graders demonstrate growth in technical vocabulary knowledge
after listening to nonfiction read-alouds?
5. What responses will eighth-graders have to nonfiction read-aloud sessions?
6. What do teachers think of read-alouds in science classes?
Glossary
In order to be clear on the language used in this study, I have defined the
following words:
Nonfiction read-alouds in this study are narrative texts found in nonfiction works
outside of the textbook.
Technical vocabulary words are the words used in the science textbook to define
and build concept knowledge. These are Tier Three words as described by Beck,
McKeown, and Kucan (2002).
Nontechnical vocabulary are words that are used to connect concepts . These
correspond to Tier Two words as described by Beck et al. (2002).
Read-aloud sessions for this study are articulate and lively oral readings of
nonfiction text with no discussion, journaling, or classroom connections. The
introduction and closing for each read-aloud session are scripted to assure that no
additional information or ideas will be presented to the listeners. When referring to readalouds in other studies, the definition of read-aloud coincides with the author’s definition.
However, the students’ roles and responsibilities vary with every study.
Purpose
The purpose of this research was to test the value of reading aloud in eighth-grade
science classrooms. The study was designed to determine if middle-school students can
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acquire vocabulary incidentally while listening to nonfiction read-alouds that connect to
their physical sciences curriculum, specifically physics. Content area teachers highlight
and preview key concept vocabulary during lessons, but they do not directly teach all of
the words students need to enhance their understanding of key concepts. If content area
teachers were convinced that reading aloud would result in their students picking up more
vocabulary and understanding words at deeper levels, then they would be justified in
spending 5 to 10 minutes reading aloud during the class period.
Hypotheses
The study was designed to test the following hypotheses:
1. There will be no significant difference on cognitive skills scores between the
control group and the treatment group.
2. There will be no significant difference on target vocabulary pretest scores
between the control group and the treatment group.
3. Students who listen to read-alouds will have higher gain scores on the target
vocabulary posttest than will similar students who did not listen to read-alouds.
4. Students who listen to read-alouds will have higher gain scores on both the
technical and nontechnical vocabulary posttest than will similar students who did not
listen to read-aloud.
5. There will be significant gains on total vocabulary scores for students in all
ability groups who listen to the read-alouds.
6. There will be significant gains on technical vocabulary scores for students in all
ability groups who listen to the read-alouds.
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7. There will be significant gains on nontechnical vocabulary scores for students
in all ability groups who listen to the read-alouds.
8. There will be no significant difference on the mean pretest scores of studentgenerated definitions between the control group and the read-aloud group.
9. Students who listen to read-alouds will have a higher total score on posttests of
student-generated definitions than will similar students who did not listen to read-alouds.
10. There will be a shift evidenced by student-generated definitions from low
word knowledge levels to high word knowledge levels for those who listened to readalouds.
11. There will be a shift evidenced by student-generated definitions from low
word knowledge levels to high word knowledge levels for students in all ability levels
who listened to read-alouds.
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CHAPTER TWO
Review of the Literature
Introduction
Several areas of research literature were reviewed to inform this study. I looked at
research on the importance of vocabulary in reading comprehension in order to address
this question, “Do eighth-grade students learn science vocabulary by listening to
nonfiction read-alouds?” Even though there is a lot of research on both explicit and
implicit vocabulary instruction, this review is focused on incidental vocabulary
acquisition. There also exists growing body of research on vocabulary acquisition of
English language learners. However this review is limited to native English speakers. The
review of literature includes:
(a) the role of vocabulary in comprehension,
(b) incidental vocabulary acquisition,
(c) factors necessary for incidental vocabulary development,
(d) levels of vocabulary knowledge,
(e) the value of incidental vocabulary acquisition opportunities
(f) vocabulary learning in content areas
(g) oral language practices and their effect on vocabulary acquisition,
(h) vocabulary assessment,
(i) read-alouds in content areas,
(j) middle-school science curriculum.
Many vocabulary studies have been done to determine the best way to teach
vocabulary (Stahl, 2007). Researchers agree that vocabulary knowledge affects reading
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comprehension, but they do not agree on any one method, not even on which method
benefits the reader more, incidental vocabulary acquisition opportunities or intentional
vocabulary instruction.
A significant body of research informs us about the acquisition of vocabulary and
the importance of vocabulary in reading comprehension. Young children acquire
vocabulary at the outstanding rate of 2,000 to 3,000 words a year (Anderson & Nagy,
1993). Some students enter school knowing tens of thousands of words, especially those
children who are talked to by adults (Hart & Risley, 2003). In an early study of over 300
students from several states Leavell and Hollister (1935) found that on average, seventhgraders recognized 8,671 words, and eighth-graders recognized 9,794 words. Many
factors contribute to the acquisition of these words including incidental vocabulary
instruction. As they go through school, children continue to acquire vocabulary from
reading, writing, listening, viewing, and talking.
Words take on meaning as they appear in various contexts. Content area teachers
provide a variety of contexts in which words play an important role. Both technical and
nontechnical words are used to develop concepts central to specific content areas.
Children need to continue to acquire vocabulary, both technical and nontechnical, in
order to understand the text and build their content area language (Vacca & Vacca, 1999).
Reading aloud to students has a positive effect on their vocabulary growth,
comprehension, and concept of story. It is one of the most highly recommended practices,
especially for young children (Anderson et al., 1985; Beck & McKeown, 2001b;
Blachowicz & Fisher, 2000; Dickenson & Smith, 1994; Durkin, 1966; Elley, 1989;
Robbins & Ehri, 1994; Routman, 1991).

11

Middle-school students are changing physically, emotionally, socially, and
academically (Wigfield, Eccles, & Pintrich, 1996). They are curious about their world,
although they might seem disinterested on the surface. Middle-school students want the
personal touch reading aloud can give, yet the practice is limited in upper grades
(Albright, 2002, 2005; Sanacore, 1992). Because of the change from self-contained
classrooms to departmentalized instruction, the sophistication of the content area
curriculum, and the growth and development of adolescents, the environment of middleschool classrooms is unique. Teachers in middle schools need to tap into the potential of
their students through a variety of teaching methods, as well as honor the interests of their
students during this developmental period.
Finally, there exists a need to review science curriculum and strengthen science
programs in middle schools (Kolballa, Thomas, & Glynn, 2007). At a time when the
world is changing and research is needed to advance humanity, students do not seem to
be interested in science. Unfortunately, teachers are often inadequately prepared to teach
science, and schools do not have the resources for hands-on learning that science requires
(Appleton, 2007; and Kesidou & Roseman, 2001).
The question remains whether older children acquire science vocabulary through
listening to adults read nonfiction out loud to them in an engaging way for an extended
amount of time. If using rich and varied vocabulary while reading aloud and talking to
young children supports the incidental acquisition of vocabulary (Brett et al., 1996), it
makes sense that multiple exposures to vocabulary in a variety of engaging read-aloud
sessions of nonfiction for older students might do the same.
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The Role of Vocabulary in Comprehension
Vocabulary knowledge is necessary for comprehension. Manzo, Manzo, &
Thomas (2006), stressing the need for vocabulary development, listed several reasons
why word knowledge improves the capacity to learn, vocabulary increases
comprehension, most teaching and learning is accomplished through language, and words
help students develop and understand content area concepts. In addition, a large
vocabulary helps students understand their world in more sophisticated ways (Stahl,
2003a).
Graves (1986) reviewed several studies that reported that lack of vocabulary
affects comprehension of text, and that, conversely, vocabulary knowledge increases
comprehension of text. However, studies have not identified any one specific vocabulary
instruction method or program that increases comprehension. To have an effect on
comprehension, vocabulary instruction needs to be conducted over long periods of time,
and multiple exposures to words in various contexts are necessary.
Graves (1986) noted that vocabulary learning is difficult for students. They have
to learn new meanings for known words, and new words for new concepts. They also
must move some words from their receptive vocabularies to their productive vocabularies
in order to support and demonstrate new learning. It is not enough to simply recognize
vocabulary; students must be able to use vocabulary in oral and written contexts.
Incidental Vocabulary Acquisition
Research on vocabulary acquisition includes studies of implicit and explicit
vocabulary instruction. Explicit instruction is the direct teaching of selected vocabulary,
while implicit, or incidental, vocabulary learning relies on students “picking up” new
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vocabulary from listening or reading (McKeown & Curtis, 1987). While the debate of
direct vocabulary instruction versus incidental vocabulary learning continues, for the
purpose of the study, this review is focused on incidental vocabulary acquisition.
Several studies reviewed by Graves (1986) demonstrate that students are exposed
to, and acquire, a great deal of vocabulary during their years in school. Nagy et al. (1987)
looked at several studies and noted the vast numbers of words school-age children see in
print, know, and learn. In one year, children read between 300,000 and 600,000 words
outside of school (Anderson, Wilson, & Fielding, as cited in Nagy et al., 1986). If they
read for as few as 15 minutes a day in school, that adds another 600,000 words a year
(Allington as cited in Nagy et al., 1986). When outside school reading and inside school
reading are added together, children read over one million words in a year. Carrols, Davis
and Richman (as cited in Nagy et al., 1986) noted that16,000 to 24,000 of these words are
unknown to students. Even if students only have a 5% chance of learning an unknown
word from context while reading, learning from context would result in learning 800 to
1,200 words in a year. Nagy and Anderson (as cited in Graves, 1986) estimate that
children learn between 3,000 and 5,000 words each year. Direct instruction cannot
possibly account for the large numbers of words students learn in a year.
Instructional time during the school day does not allow for the direct teaching of
3,000 words annually even supposing that there were a vigorous instructional program of
vocabulary development. Jenkins et al. (1984) reported that school children were not
being taught vocabulary systematically, and that direct instruction could not account for
the vocabulary growth of students. Blachowicz and Fisher (2000) reported from teacher
surveys that teachers were aware of the importance of vocabulary instruction in their
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programs, but very little vocabulary instruction of any kind takes place in classrooms
(Beck et al., 2002). When direct instruction does take place, as few as three words a week
were introduced to beginning readers and as many as 10 words a week for upper-grade
students. Beck et al. (1987) noted that these words are often presented and practiced in
the context of literature, and used frequently in a variety of activities. Still, direct
instruction cannot possibly account for the thousands of words learned each year.
Krashen (1989) argued that the remainder of vocabulary is learned incidentally
through oral acquisition and through reading. He used the Input Hypothesis to suggest
that vocabulary is acquired in the same way that oral language is acquired. Input from
reading and listening, among other literacy activities, results in vocabulary growth.
Vocabulary can be learned incidentally through oral classroom activities,
exposure to print, and many opportunities to read a variety of genres. Krashen (1989)
cited a study by Miller in 1941 in which junior-high students learned technical
vocabulary naturally through oral language activities during a unit on natural resources.
He also reviewed the Nagy et al. studies from 1985 and 1987 that concluded that seeing a
word in print resulted in an increase of word knowledge. He cited Eller, Pappas, and
Brown’s 1988 study of kindergarteners, and Elley’s 1989 study of seventh- and eighthgraders where “evidence of acquisition without instruction” (p. 447) was found.
Krashen reviewed four additional studies conducted by Anderson, Wilson, and
Fieldings (1988), Greaney (1980), Greaney and Hegarty (1987), and Rice (1986). In each
of these studies, children’s free reading was a predictor of reading achievement, including
vocabulary acquisition. Marzano (2003) also promotes the incidental acquisition of
vocabulary through wide reading. He noted that in successful classrooms, students
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experienced a balance of direct instruction and opportunities for incidental vocabulary
acquisition.
A third way that vocabulary can be acquired incidentally is by listening to readalouds. Because young children learn from listening and speaking, Beck et al. (2002) also
include reading aloud as part of vocabulary instruction. Adults reading aloud to young
children is an accepted, successful, and recommended practice among early childhood
educators (Anderson et al., 1985; Beck & McKeown, 2001b; Durkin, 1966; Feitelson,
Goldstein, Iraqi, & Share, 1993; Frick, 1986; Hart & Risley, 1978; International Reading
Association, 1986a, 1986b; Robbins & Ehri, 1994; Schickendanz, 1986; Ulanoff & Pucci,
1999). General benefits of reading aloud to young children include increased vocabulary,
knowledge of story, and success in learning to read in school (Anderson et al., 1985;
Brett et al., 1996; Dickenson & Smith, 1994; Elley, 1989). Not only does reading aloud
serve as a model, but it also motivates kids to read (Richardson, 2000).
Studies on listening to reading support read-alouds as one way to expose students
to vocabulary, and studies on incidental word learning support providing students with
word-rich environments. Blachowicz and Fisher (2000) concluded that, “incidental word
learning through listening or reading will always be a part of general vocabulary
development” (p. 507).
Brett et al. (1996) studied 175 fourth-grade students in six classrooms in two
Florida schools. Two classes experienced read-alouds with target word explanations, two
classes simply listened to read-alouds, and the other two classes had no read-aloud
sessions. Two children’s storybooks were read one time each. Pretest scores on the target
words were compared with target-word posttests immediately following the reading of
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each book. They were also compared with six-week delayed posttests. The authors found
that fourth-grade students who listened to target-word explanations as a part of the readaloud method learned and retained more vocabulary than did the group that listened but
had no discussions as well as the group that had no intervention. Once again, the benefits
of reading aloud to early elementary-school students is supported by research.
Stahl, Richeck, and Vandevier (1991) studied incidental vocabulary acquisition
through read-alouds with 43 sixth-graders in two urban classrooms. The researcher read
one of two selections from a seventh-grade anthology out loud to each class with no
pretest, introduction of vocabulary, or announcement that a vocabulary test would follow
the read-alouds. Two days after listening, students took a 30-item, multiple-choice test on
target words. Researchers created the test with 15 words from each story. Half of the
students took a written form of the test, and half had the test items read to them as they
followed along. Students scored an average of 53.5% on the multiple-choice items when
they had heard the words in the read-aloud story. They scored an average of 46.9% on the
multiple-choice items they had not heard during the read-aloud. The difference of 6.6%
two days after hearing one story read was enough to conclude that older students can
acquire vocabulary from listening to read-aloud, and that those with low vocabulary
achievement can learn. Stahl found that students could learn vocabulary from listening to
stories read aloud. According to this study, reading aloud to students beyond the primary
years is an effective strategy for vocabulary acquisition.
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Factors Necessary for Incidental Vocabulary Acquisition
Various studies have found that vocabulary can be incidentally learned from
context, and that the number of exposures to words in a variety of contexts contributes to
depth of knowledge. Jenkins et al. (1984) studied factors that influence incidental
vocabulary learning during reading. They concluded that vocabulary was learned from
context, and that the more frequent the exposure to the word, the more vocabulary
learned. Participants in the study included 112 fifth-grade students from four classrooms
in two middle-class suburban elementary schools. Jenkins et al. identified 18 lowfrequency target words, and embedded each word in 10 different short paragraphs. They
made up 10 worksheets with six paragraphs. Each paragraph included one of the target
words that was not specifically defined within the paragraphs. The parts of speech for the
target words were consistent in all of the paragraphs. Fifty percent of the target words
were pretaught. Students were given 20 minutes to read six paragraphs and answer
multiple-choice questions each day for 10 days. Posttests included three vocabulary tests
and one comprehension test. They also found that all readers acquired vocabulary from
context, but more-capable readers learned more of the vocabulary in context than did the
less-capable readers.
In a meta-analysis of research on 80 methods of vocabulary instruction, Stahl and
Fairbanks (2006) identified factors of “semantic-based vocabulary learning methods” (p.
231) that support effective vocabulary instruction. Instructional methods that emphasized
both definition and context were more likely to contribute to vocabulary learning than
methods that focused on just one. Instructional methods that engaged students in the
process of associating new vocabulary with definition, showing that they understand a
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word in a sentence, or classifying the word, and generating a definition, or personal
response to the word, were reportedly effective methods. This meta-analysis also
indicated that multiple exposures to words in different contextual settings supports
vocabulary learning. According to Stahl and Fairbanks (2006), further research on the
process of learning words from context will lead to better, more-effective instructional
practices. Two factors, discussion and time devoted to vocabulary instruction, affect
vocabulary learning.
In one study, Stahl (2003b) investigated multiple exposures to vocabulary words.
He found that students’ understanding of vocabulary deepened as they encountered
vocabulary in a variety of texts. Students began to see that vocabulary changed as it
appeared in different contexts.
Elley (1989) also studied the effects of multiple exposures to words. He
conducted experiments on the vocabulary acquisition of seven- and eight-year-olds. In
the first experiment, 157 seven-year-olds from seven schools were pretested. They read a
story three times. The first reading included discussion of the title, cover picture, and
main characters. Pictures were shown while reading. The second reading followed the
same pattern. During the third reading, pictures were shown and predictions and
discussion by the children were allowed. Data from the posttest indicated an increase in
word knowledge of 15.4 % from the pretest. When the four ability groups were
compared, Elley found that the vocabulary gain was highest with the low group. He
identified three features in the illustrated storybooks that supported vocabulary
acquisition: frequency of exposure to the words, context clues, and picture clues.
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Additionally, the author found that verbal clues to the vocabulary affected vocabulary
acquisition.
In the second experiment, 127 eight-year-olds participated in the experiment and
57 other eight-year-olds made up a control group (Elley, 1989). This time, two stories
were read aloud with and without explanation. A control group took the same pretests
and posttests as the experimental groups. With both stories, gains were made in reading
with and without explanation. On the first story, data showed a 39.9% gain with
explanation and a 14.8 % gain without explanation. On the second story, data showed a
17.1% gain with explanation and a 4.4% gain without explanation. In addition, when the
number of exposures to words in text and words pictured in text were analyzed, data
showed a high correlation between these multiple exposures to the words and gain scores.
Even without explanation, vocabulary is acquired through listening to stories with
multiple exposures to target words. Elley (1989) concluded that multiple exposures to a
word, the context of the vocabulary, and illustrations of the vocabulary contribute to
vocabulary learning of young students.
Manzo et al. (2006) promoted increased frequency of exposure to vocabulary
words, increased word awareness, and multiple contexts for word learning. They
advocated creating a “community of language” (p. 617) as a way to support the
acquisition of vocabulary. Multiple exposures to words in a variety of contexts around a
school serve to emphasize, in an intentionally incidental way, the importance of words. In
this community, students see and hear vocabulary used by cafeteria workers, office staff,
and building maintenance. They not only experience the words multiple times in a variety

20

of contexts, but they also become aware of how important words are to the people around
the school.
Levels of Word Knowledge
Several researchers have studied the depth, or level, of word knowledge. Graves
(1986) reviewed studies on the level of word knowledge. Most of these studies were done
with preschoolers. The studies he reviewed used simple assessment tools, so he
concluded that the words might only be familiar to, but not deeply understood by, young
children. The tools used to assess word knowledge were limited. However, a multiplechoice test was developed by Nagy et al. (1985) that was able to assess level of word
understanding. Graves also mentioned two studies that used interviews to determine
young children’s levels of word knowledge.
Schwanenflugel, Stahl, and McFalls (1997) looked at the depth of word
knowledge using several tools. In her study, 43 fourth-graders completed a vocabulary
check list that included 24 familiar words, 12 pseudowords, 12 nonwords, and 96 words
above their grade level, before reading. In the directions, teachers made clear that some
of the words were real, and some were not. They wrote definitions or sentences for every
word they could, checked each word that was familiar, and circled words they never saw,
but that looked like real words. After completing the checklist, students read two of four
stories used in the study, and they wrote summaries for the stories as a comprehension
check. The final task after reading, was to take a multiple-choice test on target words
from the story.
Researchers analyzed word concreteness, part of speech, exposure, contextual
support, and importance to text. They found the concreteness of the word, or its
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imageability, and its part of speech to be positively related to vocabulary growth. They
did not find context cues to be a factor in learning vocabulary. They summarized their
study saying that “children acquire words from context slowly, developing partial
representations and refining them until they have a full, flexible knowledge
representation” (p. 15). Their conclusion supports the connectionist model (Stahl as cited
in Schwanenflugel et al., 1997). In Stahl’s model the reader connects orthographical
knowledge to the context information at the first encounter with the word, and upon
further exposures to the word continues to develop a deeper understanding of the word.
Beck, McKeown, and Omanson (1987) developed a continuum of vocabulary
knowledge that built on Dale’s stages of word knowledge (Dale, 1965). Beck et al.
(2002) suggested a word-knowledge continuum that is useful in determining how well a
student understands a word (see Table 1).
Table 1
Beck et al.’s Continuum of Word Knowledge (Beck et al., 2002 p. 10)

Word-knowledge level

Description

No knowledge

No response

General sense

Knowing mendacious has a negative
connotation.

Narrow, context-bound knowledge

Knowing that a radiant bride is a
beautifully smiling happy one, but unable to
describe an individual in a different context
as radiant.

Knowledge but slow to recall

Unable to recall it readily enough to use it in
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appropriate situations.
Rich decontextualized knowledge

Knows word’s meaning, its relationship to
other words, and its extension to
metaphorical uses, such as understanding
what someone is doing when devouring a
book.

_______________________________________________________________________

An additional concern in incidentally acquired vocabulary is the magnitude of
effect on high and low readers. The research is not clear. In Elley’s 1989 study of
repeated exposures to text containing untaught vocabulary words with seven- and eightyear-olds, he found that students who had less vocabulary knowledge to begin with,
learned as much, if not more, than did the others. When four ability groups were
compared, Elley found that the vocabulary gain was highest with the low group. Stahl,
Hare, Sinatra, & Gregory (1991) found that the greatest gains in a study of sixth-grade
children who were read to from a seventh–grade literature anthology were made by
children who knew the least before the intervention. This is important even with the
ceiling effect that limited the number of words that could be learned by those who
already knew a lot.
However, when Jenkins et al. (1984) studied incidental vocabulary learning
during reading with fifth-grade students, they found that all readers acquired vocabulary,
but more-capable readers learned more of the vocabulary in context than did the lesscapable readers. One concern that Blachowicz and Fisher (2000) noted is the smaller
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vocabularies of less-able readers. Vocabulary builds upon vocabulary in content area
reading materials. The less able readers start with a deficit, and even though they learn
vocabulary, they do not catch up to the more-capable readers.
When Schwanenflugel et al. (1997) looked at the development of word
knowledge with 43 fourth-graders, they found students develop deeper understanding of
vocabulary from reading. First the participants completed a vocabulary check list that
included 24 familiar words, 12 pseudowords, 12 nonwords, and 96 words above the
fourth-grade level. The participants wrote definitions or sentences for words they knew,
checked words that looked familiar, and circled words they didn’t know but thought were
real. After reading and summarizing two stories, they took a multiple-choice test of the
target words from the stories. It is unclear if the stories were fiction or nonfiction. The
researchers analyzed the words according to their concreteness, part of speech, repetitions
in stories, contextual support, and importance of the text. They found that the
concreteness of the word, or the ability of the reader to imagine the word, positively
related to vocabulary growth. They also found that the part of speech positively
contributed to vocabulary development. However, they did not find context clues to be a
factor in vocabulary growth. They concluded that, “Children acquire words from context
slowly, developing partial representations and refining them until they have a full,
flexible, knowledge representation” (Schwanenflugel, 1997, p. 15). This study did not
take into consideration the ability levels of the readers.
When Shefelbine (1990) studied the use of context clues with sixth-graders, he
found that students’ cognitive levels affect their ability to learn vocabulary from context.
The 32 students were matched by ability into 16 pairs. They were given a multiple-choice
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pretest of the vocabulary included in the read-alouds. The pairs were divided into two
groups. An expository and a narrative selection were read to each group while they
followed along in the text. After the read-alouds, students were asked to define the words
in an open-ended manner. Their responses were coded into three categories: do not know
it, sort of know it, and known it well. Shefelbine (1990) found that the struggling readers
in the study knew fewer words before reading, and they were less successful in learning
new vocabulary from context. They were able to learn words for known concepts, but
they had difficulty learning new words and new concepts. Their vocabulary knowledge
was not as deep as the better readers. However, in comparing genres, the students with
low vocabulary knowledge learned more on the narrative passages than did the students
with higher developed vocabulary. Those who began with a more highly-developed
vocabulary learned more from the expository texts. While the study shows that lowvocabulary ability impedes students’ vocabulary growth in context, Shefelbine (1990)
makes some suggestions to incorporate wide reading, vocabulary learning strategies,
preteaching vocabulary, and discussions of vocabulary in classrooms.
An early study by Leavell and Hollister (1935) compared the size of seventh- and
eighth-grade students’ recognition vocabulary to their unknown vocabulary in social
studies materials. They found a correlation of r= .69 between vocabulary ability and
intelligence. This suggests that the less-able learners have less ability to learn vocabulary.
The Value of Incidental Vocabulary Opportunities
Beck et al. (2002) concluded that students of all ages need both direct and
incidental vocabulary instruction. However, Krashen (1989) concluded his review of
research on Input Hypothesis by saying that “conscious language learning does not
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appear to be as efficient as acquisition from input” (p. 454). Incidental vocabulary
acquisition accounts for a considerable percentage of words learned.
Because of its importance, incidental vocabulary acquisition cannot be left to
chance. Manzo et al. (2006) discussed how incidental teaching methods “require
considerable planning and prep work to cultivate an essentially casual but, nonetheless,
intentionally engineered and enriched environment” (p. 617). Stahl and Fairbanks (2006)
noted that instructional methods that develop an engaging process for exposing students
to vocabulary in multiple contexts are effective.
Coming at a time when reading instruction was experiencing a shift from
controlled vocabulary, leveled basals, and reading groups, to literature-based reading
programs, Krashen’s (1989) review served to support natural, or incidental, vocabulary
acquisition. Krashen advocated that since vocabulary is acquired indirectly, schools need
to include time for pleasure reading, because “an hour of pleasure reading is far
preferable to thirty minutes of drill” (p. 454).
Unfortunately, Krashen’s ideas could be interpreted by teachers as license to take
a hands-off stance toward teaching vocabulary. On the contrary, finding materials rich in
content to read aloud, or provide for broad reading, is difficult, time-consuming work.
Krashen addressed problems with Input Hypothesis that include lack of books in
classrooms, testing concerns, teacher expectations that children know certain words and
rules, quality of student-chosen literature, and outsiders’ expectations that lists and drills
be in the curriculum. His bias is evident. If there are have no books, get some. If there are
concerns about test scores, realize that students who read more will do better on
vocabulary tests. If there are concerns about what next year’s teacher might think, deal
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with it. Students need to be able to choose their reading material, and they need time to
read. As they experience a variety of good literature, they might develop the desire to
read more. The more they read, Krashen (1989) argues, the more vocabulary they will
acquire. While he (Krashen, 1989) focused on students’ wide reading, there are
limitations on access of difficult content area texts by low readers. In order to deal with
the limitations of poor readers, wide reading could mean listening to nonfiction readalouds.
Two challenges for teachers remain. First, they must attempt to provide rich
materials in oral contexts so students will learn words incidentally from listening.
Students need opportunities to acquire vocabulary through oral contexts such as
discussion, multimedia presentations, and hands-on exploration. Second, teachers need
to enhance and expand read-alouds to maximize their impact on incidental word learning,
especially for students with lower reading abilities.
Vocabulary Learning in Content Areas
Learning vocabulary in the content areas provides additional challenges because
technical vocabulary and vocabulary that supports the content-area concepts are
bountiful. Yet, it is imperative to their comprehension of texts that children acquire
content-area vocabulary. Having the language of the discipline allows students to fully
participate in discussion and learning in content area classes (Vacca & Vacca, 1999).
There are many problems with science texts that make them especially difficult
for students to read (Fang, 2006). They contain technical words specific to the unit, but
these words are not in students’ speaking vocabularies. Even though these Tier Three
words (Beck et al., 2002) might be set off with bold type, footnotes, illustrations, and
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diagrams, and appear in glossaries, the number of them in the text is daunting. These
words also appear in vocabulary exercises within chapters and units, but still are difficult
for students to learn because there are so many of them. The words do not appear often
enough to learn incidentally, and they are defined, or explained, by words that might also
be unknown, as in Tier Two words (Beck et al., 2002). When learning science
vocabulary, the context of the content-area classroom and materials are partly responsible
for making vocabulary acquisition possible, although not without challenges.
Fang (2006) also found that ordinary words used in texts contribute to reading
difficulty. These words often have multiple meanings that students do not realize. These
words often are used to explain the technical words or science concepts.
Nontechnical vocabulary might also cause difficulty for children in testing
situations, so students need more exposure and experience with these words. For
example, in one particular sixth-grade class in my district, measurement subtest scores on
the Terra Nova were lower than teachers expected since measurement was a key concept
taught in the science and math classes. Why were the scores low? An analysis of the test
item language suggests that the vocabulary of the questions might have interfered with
the students’ ability to understand the question and choose the correct answer. Words on
the test such as paces, precisely, and destinations are words the students were neither
taught directly in content-area curriculum because they are not key concept vocabulary,
nor did they appear in the context of the lessons or activities. Yet, not knowing these
words might have resulted in the incorrect answers on the test. There are many such
words in texts (Fang, 2006).
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Fang (2006) also argued that in addition to multiple meanings, nontechnical and
technical vocabulary is used in multiple grammatical positions that might confuse
students. He also notes that words serving as prepositions, conjunctions, and pronouns
confuse students while reading science materials. Words such as which, that, while,
although, and who can be confusing to readers because they are part of very complex
sentences. In some cases, the words are implied by the author and not actually included in
the sentences, thus confounding the readability of the text.
Fang (2006) pointed out that confusing linguistic features are more abundant in
science texts than in other content texts. They make reading science materials difficult for
middle-school students. He concluded his research report with recommendations to teach
word derivations, especially Greek and Latin origins, and spend time developing
knowledge of morphemes and elaboration of simple nouns that appear in text. He
recommended the use of cloze activities, paraphrases, and simplified sentences. He also
suggested that novels and trade books could be used to supplement texts, but cautioned
that overuse of these materials would limit student learning.
It is especially difficult for students to read independently in content-area
materials. In an early study, Leavell and Hollister (1935) compared the size of seventhand eighth-grade students’ recognition vocabulary to their unknown vocabulary in social
studies materials. Over 300 students reported 11,071 words they did not know. Further
analysis of the list for duplication reported 3,733 different words. Next, the relative
difficulty of the words was determined by comparing the students’ list with two lists of
commonly used words. Of the words from students’ lists, 69.9% were not found in the
Horn list, and 46.8% were not found in the Thorndike list. About half of the unknown
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vocabulary consisted of words that were not commonly used. This leads me to believe the
unknown words were either technical vocabulary, or vocabulary used to explain
concepts. They also analyzed the vocabulary difference between seventh and eighth grade
and only found 771 of the 3,3733 words to be common between grade levels. As the
students go from seventh to eighth grade, there are many new vocabulary words to learn.
Students will continue to meet unknown vocabulary words in content area reading.
Students are often left on their own to figure out unknown words from context
while independently reading their content area texts (Fang, 2006). Although students do
learn vocabulary from context (Nagy et al., 1985; Nist & Olejnik, 1995; Schatz &
Baldwin, 1986), independently relying on context is not an efficient way to learn from
reading.
Teaching students ways to use context clues while reading nonfiction has some
merit. Leavell and Hollister (1935) suggested students could learn new words with
carefully selected textbooks that are written by authors who acknowledge and take
responsibility for difficult vocabulary. Other ways students might learn clues to figure out
unknown words are taught by reading teachers as an efficient alternative to looking up
words in a dictionary while reading.
Konopak, Sheard, Longman, Lyman, Slaton, & Atkinson (1987) compared
explicit teaching on the use of context clues with the incidental use of context clues. They
found that unless instructed specifically to do so, 11th-graders in their study did not use
context clues.
Carnine, Kameenui, and Coyle (1984) described three different types of context
clues and analyzed the effect proximity of the clues has on the unknown vocabulary. The
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most effective context clue is a synonym of the word. If the synonym is close in
proximity to the unknown word, students can learn the vocabulary while reading
independently. However, sixth-graders in this study could only identify correct meanings
40% of the time. This is still a problem; students need to be able to figure out the words if
they are to comprehend the content. One of the limits in this study was that students who
were word decoders were selected for this study, while students who could not decode
unknown words were eliminated. This compounds the concern that relying on context
clues to figure out unknown words while reading independently is not a good strategy for
many students, particularly students with limited decoding ability. What, then, is a good
way to support the vocabulary development of older students?
Oral Language Practices and their Effects on Vocabulary Acquisition
McKeown (1985) investigated the possibility of acquiring vocabulary in context.
In this study, 30 fifth-graders were divided into high- and low-ability groups of 15
children. Artificial words embedded in context were read to each participant individually.
Participants were asked a variety of questions to see if they could ascertain a meaning for
the word from the context clues. In three of the four tasks, the high-ability group scores
were significantly higher than the low-ability group. They were more successful at
deciding which meaning given to them was the best, and how could they better evaluate
these decisions. Based on their study employing teachers reading to the children and
asking them questions, McKeown recommended teacher modeling the process of figuring
out meanings of unknown words in context. The researchers concluded that acquiring
meaning from context is a complex task.
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One vocabulary acquisition method is providing a rich oral language
environment in content area classes. A study that examined incidental vocabulary
acquisition in science classes focused on oral language activities (Carlisle, Fleming, &
Gudbrandsen, 2000). The researchers studied 42 fourth-graders in a private, middle- to
upper-class, Chicago suburban school. While the oral language activities did not
specifically include read-aloud sessions, many ideas about conservation of natural
resources were learned through multiple contexts, including listening to the teacher’s
directions and background explanations, media, discussions with each other, and
questions answered by the teacher. Vocabulary was not taught directly, but as Krashen’s
Input Theory suggests, students can acquire vocabulary through language (Krashen
1989). From analyzing the pretest and posttest scores, the authors found that the students
learned more of the content specific, or technical, words than the noncontent words in
this oral context. The students’ knowledge of technical words was also deeper than their
knowledge of the general vocabulary (Carlisle et al., 2000).
Another method for providing a rich vocabulary environment involves the use of
trade books in the content areas. Currently published trade books use rich language and
can be used to enhance vocabulary acquisition for beginning readers. Older students do
learn words from context while reading independently, but in their research Beck and
McKeown (2001a) developed Text Talk to take advantage of the language in trade books.
Using the words from the text reinforces student learning. In addition, wide reading
(Herman, Anderson, Pearson, & Nagy, 1987), discussion (Stahl & Vancil, 1986), and a
vocabulary-rich classroom environment also support the incidental acquisition of new
words. If children are to incidentally acquire vocabulary within a word-rich environment,
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they need many opportunities to use the words in their discussions and writing
(Blachowicz & Fisher, 2007).
Smolkin and Donovan (2003) described such an environment as they promoted
interactive read-alouds as a means of developing vocabulary and comprehension with
emerging readers. The premise that young students can comprehend before they can
decode suggests that the interactive read-aloud would be effective for them. Interactive
read-alouds afford children the opportunities to ask questions, get clarification for
unknown words immediately, reason, and discuss. The nonfiction books contain features
like pictures, diagrams, charts, and time lines that introduce new vocabulary and
concepts. These features stimulate students’ interest so they ask questions, think, and
make connection to the text. Teachers can model, scaffold, and highlight new concepts
while reading to the students.
Smolkin and Donovan (2003) noted that choosing and using nonfiction readalouds to enhance and supplement content area instruction takes time for gathering and
preparing. The teachers need to know the curriculum and be aware of the many and
varied nonfiction texts available that connect to their curriculum. This will take a good
deal of interest in the topics on the part of the teacher. While their article focuses on
interactive information book read-alouds for emerging and struggling readers, Smolkin
and Donovan (2003) call for future research on using nonfiction interactive read-alouds
with older students.
Vocabulary Assessment
Vocabulary assessment is a necessary and ongoing process in the content area
classroom. How much and how well the students understand the vocabulary is important
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to the development of their knowledge in the content area. Without the requisite
academic vocabulary, students have difficulty comprehending text.
The two most relevant types assessments in a content area classroom are those
that lead the teacher to see students’ vocabulary growth and to determine their vocabulary
needs. Within a unit of study there are many opportunities to assess the vocabulary
growth of students while at the same time support their vocabulary acquisition. For
example, a vocabulary survey on which students mark words they can use, have heard, or
don’t know, can be used at the beginning of a unit (Blachowicz & Fisher, 2010). While
the students rate their own level of word-knowledge their minds are attuned to words they
will encounter while studying the unit. After multiple opportunities to use the words in
discussion, writing, and projects, their knowledge of the words will deepen. The same
assessment could be used as a posttest to determine shifts in word-level knowledge
(Blachowicz & Fisher, 2010).
During a unit of study, the teacher may want to determine how deeply students
understand the academic vocabulary. Semantic mapping, the Frayer concept model, and
vocab-o-grams (Blachowicz & Fisher, 2010) are three examples of engaging student
activities that will both assess and support vocabulary acquisition. These systems can be
used for any subject area and take very little time to prepare, once the teacher understands
their use.
Using academic vocabulary during discussions and in writing allows the teacher
to access students’ use of vocabulary. Observation guides, vocabulary journals, word
bank activities, and word games are some of the ways the teacher can assess vocabulary
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while teaching a unit (Blachowicz & Fisher, 2010). Instructional decisions can be made
based on these informal assessments.
There are times when a teacher needs to know if students can recall or define new
words being taught in a unit. Teacher-made tests include matching, multiple-choice,
defining, and completing cloze passages. These assessments are valid as they provide
repeated exposures to the words and opportunities to think about the words, and they
draw from course content (Blachowicz & Fisher, 2010).
In the content area, the vocabulary is unique to the discipline and important for
knowledge development, so it is important that the teacher has a repertoire of strategies
that support vocabulary acquisition as well as provide data for monitoring students’
vocabulary knowledge. It is also important for the teacher to understand how vocabulary
is acquired and how they can support their students in a vocabulary rich environment.
Read-alouds in the Content Areas
Students have trouble reading content area materials partly because of the
vocabulary. However, if teachers read aloud, they might be able to compensate for
students’ problems with decoding, word analysis, use of context clues, and the time it
takes to independently read content area materials with rich and technical vocabulary.
Read-alouds can provide or activate prior knowledge, preview technical vocabulary,
introduce concepts, and connect to life (Tovani, 2004).
Yopp and Yopp (2006) reported that the majority of read-alouds are fiction
stories. Nonfiction is not being read at school or at home very often. Since vocabulary is
acquired from read-alouds, a rich source of vocabulary is left out when read-alouds focus
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only on fiction. Children need modeling through a variety of read-aloud materials on
topics in math, social studies, and science.
Brabham, Boyd, and Edington (2000) considered reading information storybooks
out loud. The books they chose had science and social studies vocabulary embedded in
narrative stories. In their study, read-aloud procedures were developed, and research
assistants were carefully trained before reading to students. Some of the directions and
teacher questions were scripted for consistency among the researchers. In addition to
developing the procedures, read-aloud material was chosen with science and social
studies topics. One hundred and thirty-nine second-, third-, and fourth-graders were
chosen for the study. The students were given pretests made up of 20 target words, and
after two 20-minute read-aloud sessions, they were given posttests made up of the 20
target words. Brabham et al. (2000) reported significant gains on the posttest scores at all
three grade levels after only two read-aloud sessions. Eighteen to 25% gains were made
by all students. This means they learned four or five words out of the 20 targeted words
after only 40 minutes of read-aloud. The authors concluded that instructional time
dedicated to read-aloud is justified “even in subjects such as science and social studies”
(p. 274).
Blachowicz and Obrochta (2005) specifically studied content area vocabulary
acquisition with primary students. Primary teachers determined field trip characteristics
that supported students’ vocabulary development. Among the characteristics included
were read-alouds, content focus, and adult involvement. They created Vocabulary Visits
to assure a rich vocabulary experience in a focused content area. Blachowicz and
Obrochta (2005) assessed vocabulary acquisition with student-generated pre- and post-
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visit vocabulary lists. They found a significant gain in number of words listed on the
posttest. Students who knew fewer words before the visit gained the most vocabulary.
Blachowicz and Obrochta (2007) built upon prior research and developed a
comparison study between a regular read-aloud strategy and read-aloud with vocabulary
visits. Once again, both read-aloud treatments resulted in vocabulary gains, but the gains
with read-aloud with vocabulary visits were higher.
In-depth experiences with vocabulary in context support the development of
vocabulary. Incidental vocabulary instruction that allows students to have complex and
deep processing experiences with words in context tend to be successful in supporting
vocabulary growth (Stahl, 2007).
While many empirical studies such as these (Blachowicz & Obrochta, 2007;
Brabham et al., 2000; Stahl, 2007) report that reading stories aloud to young children
increases their vocabularies and reading success in school, there are few published
studies that report the benefits of reading nonfiction aloud to older students in order to
support their incidental vocabulary learning in content area materials. Many middleschool students can and do enjoy listening to teachers read aloud (Albright, 2002, 2005;
Frick, 1986; Johns, 1972; Richardson, 1994). Unfortunately fewer middle-school
teachers read aloud to students than do lower elementary school teachers (Jacobs et al.,
2000; Sanacore, 1992).
Yet, there is support and rationale for reading aloud to older students across the
curriculum. Fox (2002) espoused reading out loud to children of all ages. She maintained
that reading out loud encompasses modeling, motivation, vocabulary acquisition, and
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support for reading comprehension. She stressed reading with joy and excitement in order
to engage the listener.
Trelease (1989), well-known for The Read-Aloud Handbook, had a tremendous
influence on reading aloud. Teachers and parents are made aware of the value of reading
aloud through his popular book and lively presentations. He advised teachers to read
stories that “wrap the facts and figures, the dates and battles, in flesh-and-blood novels”
(p. 36) to science and history classes. He also recommended reading to high school
students for “the role-modeling and sales pitch for the joy of reading” (p. 36) even though
content area teachers say they do not have time for reading stories.
Because of limited experience with expository language, Fang (2008a)
recommended that teachers have a variety of expository reading materials, including
trade books, award-winning literature, primary source documents, and quality expository
texts. He did not specifically suggest reading to students, but he urged teachers to provide
time for independent reading in class and the impetus for reading at home. If students are
to understand the difficult texts in content areas, they need more experience with
nonfiction.
Many authors have begun to publish books showing how to incorporate reading
across the curriculum (Butzow & Butzow, 1998; Laminack & Wadsworth, 2006; Hall,
1994; Richardson, 2000). These authors show that there are many resources that are not
being used in classroom and school libraries. The concept of reading aloud well-chosen
nonfiction text is well-represented with their selections of read-alouds.
In addition, Tovani (2004) demonstrated many ways to use companion texts to
introduce units, focus students on a topic in content area classes, and connect high school
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students to content area topics. These companion texts range from political cartoons,
charts, maps, and diagrams, to pamphlets, video -game guides, and manuals. While
Tovani doesn’t read these materials aloud to students all of the time, the interactive
strategies are similar to read-aloud. The content specific vocabulary and concepts are
embedded in text that students can figure out or relate to. Like read-aloud, the teacher
guides students through nonfiction text.
Since reading aloud to older students is a practice that is not being promoted,
studies to assess its effectiveness in supporting the incidental acquisition of vocabulary
need to be developed.
Because young children learn from listening and speaking, Beck, et al. (2002)
also included reading aloud as part of vocabulary instruction. Currently published trade
books use rich language and can be used to enhance incidental vocabulary acquisition for
readers (Brabham et al., 2000; Butzow & Butzow, 1989; Sanacore, 1992; Saul &
Dieckman, 2005).
Cervini and Veronesi (2006) made the argument that students in science
classrooms should be actively involved in discussing, questioning, problem-solving, and
experimenting, much like real scientists. They maintained that it is through language that
scientists develop their ideas, and that teachers should be helping students make
connections to their lives and experiences. Nonfiction read-alouds provide such
connections as well as employ rich vocabulary in a natural setting.
Middle-school Curriculum
One of the problems in middle-school curriculum is the dependency on textbooks
for instruction (Osborne et al., 2003). Texts are often hard to read. Middle-school
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students came from elementary schools where narrative texts were the predominant
genre. Textbook-dominant classes deprive adolescents of hands-on experiences, authentic
science reading and writing, and opportunities to explore and inquire into topics of
interest. Motivation for adolescents comes from their need to relate new information and
learning to their lives as well as their desire to achieve their personal goals (Shanahan,
2004).
Alverman (2002) emphasized that while a great deal of attention is paid to young
and struggling readers, little attention is paid to the literacy instruction and development
at the middle-school level. She, too, noted that middle schools typically limit academic
reading to textbook reading. Yet, other means of gaining knowledge, including reading
trade books, viewing video, discussing, and collaborating, are available and more
engaging. Developing academic literacy is extremely important for student learning, but
it requires a great deal of teacher planning. Students’ vocabulary knowledge can be
developed through carefully chosen and prepared computer-assisted vocabulary
instruction, quality read-alouds, and pretaught vocabulary. It is important that the middleschool curriculum include “participatory approaches to literacy instruction,” (p. 201) and
not rely on the unengaged traditional transmission model lessons.
Shanahan (2004) summarized recommendations for supporting the social,
emotional, and academic development of adolescents in middle schools. Teachers can
support and motivate adolescents by demonstrating interest and concern about students as
individuals, providing opportunities for success, scaffolding difficult tasks, and
challenging their intellects. By creating emotionally safe risk-taking environments,
encouraging students to attribute success to their efforts, and providing cooperative rather
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than competitive projects, teachers can support social and emotional development. By
delving deeply into content, and communicating to students that intense effort and
attention are necessary for academic success, teachers can show students that they are
respected, capable learners.
Shanahan (2004) recommended that science teachers try to go beyond the
textbook by using other materials, including trade books, science articles, hands-on
experiences, and science labs. She noted that science materials that are connected to
adolescents’ lives and challenge their conceptions of their world are powerful and
motivating. Presenting information in various formats, and inviting students to interact
with materials, teacher, and text engage adolescents and offer them the respect of their
intellect that they crave.
Yet, Guthrie and Davis (2003) reported their survey of students in Grades 3, 4,
and 8 indicates a decline in the use of materials beyond the textbook. While 76.5% of
fifth-grade students replied that their teachers encourage them to read a variety of genres,
only 64.2% of eighth-graders concurred. Among fifth-graders, 82.8% replied that their
teacher encourages them to read books to learn about science, while only 63.3% of
eighth-graders replied so. The survey also indicated a drop in reading instruction from
fifth- to eighth-grade with survey items about the teachers helping students find important
ideas and details, and plan and organize their reports.
Because of highly technical vocabulary, textbooks are hard to read and
comprehend independently. Reading aloud is one way teachers can scaffold adolescents’
access to the text and concepts of the science class. Vocabulary is an issue in science
classes (Fang, 2006; Osborne et al., 2003; Shanahan, 2004). Teachers need to learn how
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to help students use their own schemas to connect what they know to new science
vocabulary and concepts. As part of the adolescents’ personal goals to learn, Shanahan
(2004) reminded teachers of Louise Rosenblatt’s (1978) concept of efferent reading.
Adolescent readers will focus on what they want to get from their reading of
informational texts. They need some instruction on transferring what they learn to help
them make sense of their worlds (Shanahan, 2004).
Alverman (2002) also notes concern that while attention is paid to young and
struggling readers, little attention is paid to the literacy instruction of the middle-school
student. Middle schools typically require academic reading in the form of textbook
reading. Yet other means for gaining knowledge in content areas including, reading trade
books, viewing video, discussing, and collaborating, are available and more engaging.
Developing academic literacy is extremely important for learning, and requires a great
deal of teacher planning. Vocabulary knowledge can be developed through carefully
chosen and prepared computer-assisted vocabulary instruction, content-related readalouds, and pretaught vocabulary lessons. Through these activities, older students will
engage in the “participatory approaches to literacy instruction” (Alverman, 2002, p. 201)
they need.
In addition to the challenging environment in the classroom, the greater science
community is demanding improved science teaching. In 2006, a bill was introduced in
the U. S. Senate (S 757) that would create uniform expectations in science education
from kindergarten through 12th-grade.
The National Science Teachers Association (NSTA) released a statement (NSTA,
2007) recommending that middle-school science teachers be highly qualified to teach
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science in the middle school; that they be well-versed in the educational research on best
practices, effective instructional strategies, and learning theory as it pertains to middleschool students; and that they support diverse learners in their classrooms. In addition,
they should align methods and materials with national standards as well as provide
experiences, including hands-on experiences, that nurture the middle-school students’
natural curiosity about the world. Science teachers are also responsible for connecting
science learning to students’ lives.
Wormeli (2006) offered some motivating tips for middle-school teachers. He
reminded us that middle-school students are capable of higher-level thinking than their
visible skills suggest. This means that when teachers read nonfiction physics articles that
apply to daily life to students, the content of the articles, although heavily laden with
technical vocabulary and physics concepts, can be understood by students.
Students’ attitudes toward science are part of the challenge in developing
vocabulary as well as the rest of the science education goals teachers must meet. Interest
in studying science as well as science careers is waning in the United States. (Osborne et
al., 2003). Students feel less than able to do well in upper-level science classes. They find
themselves dreading physics and chemistry because they do not know how they will
apply the knowledge to their lives (Osborne et al., 2003). Science teachers can change
the environment which will, in turn, affect student attitudes toward science (Fouts &
Meyers, 1992). To do so requires teachers to go beyond the science textbook and bring
interesting, relevant materials into the classroom. One way to do this would be to find
nonfiction materials that enhance the science curriculum while challenging the minds of
eighth-grade science students.
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In addition to reviewing the environment of the middle school and
recommendations for practice, it is important to review middle-school science teachers’
backgrounds, the curriculum used in science classes, and the assessment of science
learning. Middle-school teachers may or may not have degrees in science, so the quality
of science instruction varies from program to program and teacher to teacher (Stern &
Roseman, 2005).
Middle-school science teachers often have general elementary education degrees
with little emphasis on teaching science or scientific content (Stern & Roseman, 2005).
When pressured by the demands for their students to excel on state and national tests,
teachers often leave out the science lessons (McKee & Ogle, 2005). When they do teach
science, they rely on science programs that use textbooks as the source of information.
They rarely supplement with outside experiences and materials (Stern & Roseman,
2005). Since the textbooks alone are limited, and research for improving them is yet to be
designed, teachers need professional development to enhance their implementation of
science curriculum (Kesidou & Roseman, 2001). In addition to less-than-adequate
science-teacher preparation, the field of scientific knowledge is growing at an extremely
fast pace (Martin, Prosser, Trigwell, Ramsden, & Benjamin, 2000), so constant updating
is necessary if middle-school teachers are to be successful.
The science curriculum in the middle school is often driven by published science
programs that are centered in textbooks (Kesidou & Roseman, 2001). These textbooks
are often lacking depth. After analyzing nine major published science curriculums for
middle school, researchers in Project 2061 (Kesidou & Roseman, 2001) did not find the
programs to significantly contribute to students’ learning key scientific ideas. They found
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that the content does not focus on key ideas, there are no good explanations of
phenomena using key scientific ideas, teachers are not given tools for determining
students’ prior knowledge and misconceptions, and there is not enough support for
teachers who use the programs. The researchers concluded that their findings were
similar to the findings of several other studies (Anderson & Roth, 1989; Ciorawski, 1988;
Eichinger & Roth, 1999; Schmidt, McKnight, & Raizen, 1997; Tyson-Berstein, 1988).
Kesidou and Roseman (2001) concluded that there is a need to develop science programs
with adequate materials, but in the meantime teachers need support in the middle-school
science classroom. Until more-complete programs are developed, districts need to
provide professional development for science teachers. Also, the tremendous growth and
changes of scientific knowledge will require that teachers have more to teach from than a
textbook (Martin et al., 2000).
Assessment in middle-school science classes is another issue that needs to be
addressed. It is often inadequate. Of the nine programs analyzed by Stern and Ahlgren
(2002), most of the programs published end-of-unit tests that do not assess students’
knowledge of core scientific ideas. The assessments align with the content in the
published materials, but not with national and state standards. The embedded assessments
are also weak. They give the teacher very little information on whether students are
understanding the concepts being taught. They do not help teachers make instructional
decisions. And finally, the assessments are good for assigning grades, but they do not
show what, or how much, students have learned. There are many student-centered
vocabulary assessments recommended by researchers. Vocabulary surveys by students,
semantic webbing, vocab-o-grams, teacher designed assessments of definitions, and
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observations charts (Blachowicz & Fisher, 2010) are among the recommended best
practices.
Summary of Literature Review
Vocabulary is key to comprehending, especially in content area reading. Students
need to acquire academic language as well as other vocabulary that is used in expository
text to connect and expand ideas. Direct instruction accounts for a small percentage of the
total annual vocabulary acquisition of students, so vocabulary must be acquired
incidentally. Based on the belief that children acquire vocabulary incidentally through a
variety of literacy activities, reading aloud to children of all ages will contribute to their
vocabulary growth and development. Wide reading, listening to nonfiction text,
opportunities to write and discuss content area concepts, and practice using academic
language contribute to vocabulary acquisition. These literacy activities provide students
with repeated exposures to vocabulary, scaffold difficult texts, and serve as models and
motivation for reading and learning.
Providing a vocabulary rich environment through literacy activities is neither an
easy task, nor one that can be left to chance. Finding texts and providing experiences that
support and expand content area concepts is time consuming. Organizing and planning
literacy activities in content area classes needs to be intentional if it is to contribute to
vocabulary acquisition. There are many engaging activities available for content area
teachers to use to enhance students’ comprehension of vocabulary as well as concepts.
There also exists an increase in the publication of nonfiction trade books that expand
content area textbook information.
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Academic language is difficult for most students. Many of the linguistic features
in textbooks are confusing, especially in science textbooks. Sentences are necessarily
complex in order to explain cause and effect, or problems and their solutions. Technical
vocabulary is introduced to explain concepts, and known words vary grammatically
within complex sentences, adding to the difficulty of reading text independently. Some of
the vocabulary is new and specific to content area concepts, while other vocabulary is
used differently to explain ideas. Students need many opportunities to experience
academic language.
One of the major concerns educators have about incidental vocabulary acquisition
is that students who are less-capable readers do not catch up with their more-capable
peers through incidental learning. However, they do acquire vocabulary and better
comprehend within a literacy rich environment. It is a challenge for teachers to provide
the richest experiences for the poorest readers.
Because of the challenges in reading expository text, teachers need to find ways to
scaffold vocabulary learning and reading comprehension in content area classes. A
teacher who is knowledgeable and enthusiastic about the content can find ways to infuse
incidental vocabulary instruction into the daily routine. One efficient way is to use
carefully selected read-alouds that provide a variety of contextual exposures to key
vocabulary. When students experience the enthusiasm the teacher has for the subject in
addition to multiple exposures to vocabulary, they may change their attitudes at the same
time they are learning.
Science curriculum studies show us that kids and teachers shy away from science.
In many cases the science content is new, and the academic language is too difficult for
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students to understand, especially when reading independently. The scientific community
needs to develop science programs and materials, as well as teacher-support programs,
that will create an interest in science. Teachers and students alike lack confidence that
they can learn science and apply scientific principles to their lives. Engaging language
activities like read-alouds, discussions, and writing can turn the trend to avoid science
around.
Taking into account read-aloud research, the challenge of science text, and
vocabulary acquisition research, I believe that reading nonfiction to students will lead to
vocabulary acquisition. Upon this belief I have developed read-aloud sessions focused on
the science of physics, and I have implemented a study of the incidentally vocabulary
acquisition of eighth-graders through nonfiction read-alouds.
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CHAPTER THREE
Methodology
Introduction
Even though extensive research has supported reading aloud for vocabulary
acquisition in elementary classrooms, few studies have explored reading nonfiction to
upper-grade students. No studies have examined middle-school students’ incidental
acquisition of content area vocabulary. No studies have focused on ways for students to
acquire knowledge of nontechnical vocabulary, the lack of which interferes with
understanding textbook reading assignments. New research is needed to support
incidental vocabulary acquisition in content area classrooms where so much new
vocabulary must be learned. Implications for content area instruction include: an efficient
way to support students’ vocabulary acquisition, an opportunity to create contexts for
deeper understanding of key vocabulary, and a vehicle for connecting kids and content.
Participants
Before the study with eighth-graders in science classes could be implemented, a
pilot study was needed to develop procedures, determine types of assessment and the
nature of vocabulary to be assessed, and the possible scope of the study. Three eighthgrade classes, with a total of 80 students, participated in the vocabulary pilot. However,
due to absences and lack of identifying information, only 74 students completed Form A
while all 80 completed Form B.
Pilot Study
The lack of read-aloud materials and vocabulary assessments necessitated piloting
vocabulary assessments and developing read-aloud materials. The text used by eighth-
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grade science teachers was examined, and the vocabulary required in the physics unit was
chosen for the pilot study.
Prior to the read-aloud study scheduled for the fall, the science teacher conducted
a pilot study to determine vocabulary knowledge of eighth-graders at the end of the
previous school year. Both technical and nontechnical words were chosen for the pilot
study. These words were targeted because they were words the students are exposed to
during the school year. The technical words were taught in the science unit, and the
nontechnical words were embedded in the science text.
Selecting Target Vocabulary
In collaboration with two science teachers, 15 technical words and 15
nontechnical words were chosen from the eighth-grade science textbook unit on physics.
The technical words are specific to the science curriculum. The nontechnical words serve
to connect and expand the science text, but are not unique to the science curriculum. We
decided to develop a matching exercise because the definitions for the technical words
were included within the context of the science book, and the matching assessment is
similar to classroom assessments used by the science teachers. We also decided to
separate the technical and nontechnical words so we could compare the results. We
developed two forms of one-to-one matching exercises. Form A was developed for the
technical words. Form B was developed for the nontechnical words (see Appendices A
and B).
Pilot Study of Target Vocabulary
As part of their eighth-grade exit exams in June of 2007, outgoing eighth-graders
were given words to match with definitions and words to define in their own words (see
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Appendices A and B). Due to absences and lack of identifying information, only 74
students completed Form A, composed of technical words, while all 80 students
completed Form B, composed of nontechnical words. Each form included 15 vocabulary
words to match with 15 definitions and two words to define in the students’ own words.
This assessment tool was used to determine if the selected vocabulary words were
commonly known and remembered by the students. Both the technical vocabulary and
nontechnical vocabulary are in the science textbook unit from the beginning of the
eighth-grade curriculum, so students had exposure to the nontechnical words and direct
instruction on the list of technical words.
Table 2 shows the results of the pilot test of target vocabulary from May, 2007.
Table 2
Vocabulary Pilot Test

Form

N

Mean score

Median

Range

______________________________________________________________________
Form A Technical vocabulary

74

10.5

12

1-15

Form B Nontechnical vocabulary

80

8.6

8

2-15

______________________________________________________________________
The results in Table 2 indicate that students did not know all of the technical and
nontechnical vocabulary they were exposed to in their eighth-grade science curriculum.
The average number of correctly matched technical words was 10.5 of 15. However, the
range is from 1 to 15 words correctly matched. There were eight students who matched 5
or fewer words. This explains why the median score is so much higher than the mean.
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On Form B, students matched nontechnical vocabulary. The results of this form
indicate that the average number of words correctly matched was 2 fewer nontechnical
words than technical words.
Table 3 shows the results of the pilot test of target vocabulary from May, 2007.
Table 3
Number of Students Who Responded Correctly for Each Word
______________________________________________________________________
Form
# of words
N
Mean score Median
Range
_____________________________________________________________________
Form A Technical vocabulary
15
Form B Nontechnical vocabulary 15

74
80

50.6
34.2

12
8

1-15
2-15

______________________________________________________________________
Table 3 shows that the average number of correct student responses for each
technical word was 50.6. This is 16.4 words higher than the average number of correct
responses for the nontechnical words. The students knew more technical words than
nontechnical words.
The following charts show the number of correct responses for each word.
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Pilot Technical Vocabulary Form A
momentum
velocity
inertia
energy
acceleration
potential energy
Words

force
friction

Series1

trajectory
joules
physics
property
density
mass
projectile
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70

Number of Correct Responses Out of 74

Figure 1. List of technical vocabulary words piloted and the number of correct responses
from 74 students.

As shown in Figure 1, more than half of the students knew more than 50% of the
technical vocabulary words. However, even the most frequently matched word,
projectile, was only correctly matched by 66 students out of 74. Figure 1 also shows that
there were many technical words that students do not know at the end of eighth-grade.
The least-known word, momentum, was correctly matched 25 times.
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Pilot Nontechnical Vocabulary Form B
derived
determine
synthesized
assertion
proximity
inversely
Words

essence
variable
apparatus
clarify
approximately
precisely
simultaneously
spontaneously
hypothesis
0
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70

80

Number of Correct Responses Out of 80

Figure 2. List of nontechnical vocabulary words piloted and the number of correct
responses from 80 students.

Figure 2 indicates that there were many nontechnical words that students were
unable to correctly match with their definitions. For example, out of 80 responses the
word derived was only matched correctly four times and the word determine was
correctly matched 11 times. Even the best-known word, hypothesis, was only correctly
matched 66 times out of 80. Fewer than half of the students knew 50% of the words.
When compared with the pilot test of technical words, it appears that students were able
to match more technical words to their definitions than nontechnical words.
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The results of the analysis of the technical and nontechnical words from the pilot
tests suggest that many words appear in the science curriculum that students do not know
at the end of eighth-grade.
As a result of the vocabulary pilot given at the end of the year, the science
teachers saw the need to develop both technical and nontechnical vocabulary. They were
supportive of the proposed study because they were looking for ways to enhance their
students’ vocabulary knowledge since vocabulary is key to learning in the science
classroom.
The Study
Participants
For the study, I decided to work with eighth-graders in science classes since they
are the oldest students in the building, and their teacher enthusiastically supported the
study. I wanted to know if older students can learn vocabulary from listening to readalouds.
In this district, all students take science. The curriculum includes many hands-on
activities in addition to reading the textbook. As I analyzed the science textbook, I found
vocabulary that builds upon previous lessons and ideas. Students need to internalize this
vocabulary in order to understand the textbook. The first unit of study in the fall of
eighth-grade is physics. This unit is dense with technical vocabulary. Early in the year is
a good time to introduce read-alouds with physics content, since much of the vocabulary
they encounter throughout the year is unknown to most of the eighth-graders.
Participants for this study came from a small suburban public school district with
an enrollment of about 1,400 students in grades K-8. The low-income rate for the district
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was 1.3%. Per-pupil expenditure was approximately $11,000. The ethnicity of the student
population according to the school report card was as follows: 80.8% Caucasian, 6.0%
Black, 4.9% Hispanic, 4.3% Asian/Pacific Islander, 0.1% Native American, and 3.9%
Multiracial/Ethnic.
The sample group for this study included 154 eighth-grade students in science
classes. They were heterogeneously grouped into six sections, or classes, numbering
about 28 students each, and all were taught by the same science teacher. Three of the
classes were randomly selected to comprise the control group, and the remaining three
comprised the treatment group. In order to include a wide range of student abilities, the
read-aloud sessions for the study took place in the science classroom because all students
in this district, including those with Individual Educational Plans, those who receive
reading support, and English Language Students, participate in this content area class.
The same teacher, Lois, teaches all six sections of eighth-grade science. The
textbook is the main print source of information for the students. It is well-organized with
science vocabulary in bold black lettering within the text as well as listed on side panels.
Context clues are used to explain vocabulary and include definitions, synonyms, and
examples. Diagrams or photographs depicting science concepts are printed on every
page. Questions for the reader are embedded between subtopics. Blue and red lettering is
used to emphasize subtopics and main ideas. At the end of each chapter there is a concept
web, summary of main ideas, and vocabulary activities. At the back of the book there is a
glossary that includes the chapter and pages where the words appear in the text.
In addition to reading the text, the teacher uses lectures, demonstrations, and
hands-on laboratory activities in the classes. The classroom is set up with lab tables
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complete with sinks and water faucets. Students are taught safety lessons at the beginning
of the year to remind them of the type of behavior that is expected of them during lab
activities. Scientific vocabulary is used within the context of these activities, but there is
no time allocated for specific vocabulary activities beyond their use in context. As a part
of the science unit tests, vocabulary is embedded in the assessment.
The teacher did not routinely incorporate read-alouds in the eighth-grade science
classes. While she did use scientific vocabulary when engaged in conversations about
science with interested students, and she was aware of the importance of vocabulary to
comprehending science, she did not use have time to use read-alouds. In the science
classes, students typically looked up words in the glossary, used vocabulary in class, and
took vocabulary quizzes.
The Development of the Data Collection Tools
Selecting the Read-aloud Texts
Selecting texts with appropriate, engaging, rich nonfiction text was the most
challenging aspect of this study. The task of finding engaging nonfiction on physics was
overwhelming at first. I found myself at the Harold Washington Library in Chicago.
While the library has an extensive collection of children’s literature, both fiction and
nonfiction, I had trouble finding texts that would engage eighth-graders. I read
biographical books on Faraday, Newton, and Einstein. I found books with simple
explanations of physics, Newton’s laws, and Einstein’s theory of relativity. There were
books that outlined the scientific method and took students step-by-step through scientific
experiments. But, these books were too elementary for older students. Many science
magazines with colorful and inviting cover stories are published for children, but none
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that I found included articles sophisticated, or detailed, enough to read to my intended
participants. However, the days reviewing these materials were not wasted. They
provided me with enough background knowledge to be able to look into adult nonfiction
on physics. While the first materials I looked at were not deep enough to use in the study,
the main scientists and scientific principles I read about were the ones that formed the
basis of the unit of study in the science textbook and the district curriculum map.
However, I still needed materials to read aloud that would keep eighth-graders’ attention.
In the back of the science textbook there is a glossary that includes the chapter
and pages where the words appear in the text. I listed the bolded vocabulary and
vocabulary included in the end of chapter activities, and I took them with me to the
libraries, National-Louis University data-bases, bookstores, and online book sellers. I also
listed the physics applications mentioned, but not developed, in the text. Perhaps these
would help. And help they did. I found texts on the physics of roller coasters, Einstein’s
theory applied to daily living, the physics of super heroes, and more. The books and
articles began to pile up. The piles seemed insurmountable, but I persevered. I took notes,
listed vocabulary, looked for repetition of vocabulary within and across materials. A
pattern emerged for choosing the selections. I started with biographical texts about
Newton and Einstein, followed by explanations of the scientific method, and ended with
physics in familiar settings. For the sake of focus, I chose text that highlighted scientists’
contribution to the field of physics and selections that explained the physics involved in
everyday life, such as sports and amusements (see Appendix D). Some materials were
discarded as they were too complicated, repetitious, or written in styles that were unlikely
to appeal to eighth-graders.
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Selecting Target Vocabulary
Another challenging aspect of this study was choosing the target vocabulary.
There are two types of vocabulary that the science students need in order to understand
their textbook. The first is the vocabulary of science, or technical vocabulary. The
technical vocabulary is specific to the science content. These words are used by the
textbook authors to explain the scientific method and physics concepts. The second type
of vocabulary is nontechnical words like precisely and inversely that enhance the science
text. If students do not know them, they have trouble understanding text, questions, and
directions. The nontechnical words are used to connect concepts and expand learning.
While in the process of choosing the target vocabulary, I conferred with the
middle-school science teachers. I started with the 30 words from the pilot study. They
looked at the developing target word list and the read-aloud materials and assured me that
I was making choices that connected to their curriculum. The resulting list of potential
target vocabulary was more than 100 words. This large number allowed me flexibility in
choosing the read-aloud materials with the target vocabulary included from published,
available, continuous texts.
From the nonfiction literature, I developed a list of technical scientific vocabulary
included on the textbook list. To do this, I reread the literature and underlined words from
the textbook list. I wrote these words on Post-it notes for each literature selection, so that
I could find vocabulary common to several text selections. At this time, the technical
vocabulary list grew to include such words as mass, acceleration, force, inertia, velocity,
joules, and projectile.

59

However, I still needed to address the issue of nontechnical vocabulary that
interferes with students’ comprehension of science materials, including test questions and
directions. These words are often necessary for deeper comprehension of content as well
as thorough understanding of scientific concepts and technical vocabulary. They are used
to connect and expand science concepts and are often found in questions and directions.
For suggestions, I interviewed the science teachers in the district. They were aware of the
item analysis the science teacher did with the TerraNova tests. They agreed that students
struggle with vocabulary that adults take for granted. I examined the texts to list
nontechnical vocabulary that we too often assume students will know. Nontechnical
vocabulary includes words like apparatus, spontaneously, precisely, and inversely.
Order of the Read-alouds
Once the texts and vocabulary had been noted, I determined which texts to read
and in what order. I followed the order that was in the science textbook, which starts with
a review of the scientific method and goes into lessons on physics. The textbook
mentions the three scientists, Faraday, Newton, and Einstein. The biographical
information in the selected nonfiction literature texts describes their scientific process and
their discoveries. I created a chart that lists each read-aloud session, its text title, and
topic (see Appendix D).
Having the subject matter, vocabulary lists, and the order of materials to read
aloud, the next task was to cut the selections, analyze the number of exposures, and time
the readings to see how long each text would take to read orally. I chose 14 nonfiction
selections on the subjects of scientific process, physics, and notable scientists. These
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selections were chosen from nonfiction that was either narrative or expository in form
(see Appendix D).
Once the order was determined, I created a chart listing the vocabulary words in
these texts alphabetically with their meanings, the section of the pretests and posttests
where they appear, the number of times they appeared throughout all of the text, the
designation of technical or nontechnical vocabulary, and a designation of vocabulary
chosen for student-generated definitions (see Appendix E).
The final read-aloud materials included 14 separate, but content-related,
nonfiction articles chosen for their connections to the eighth-grade science curriculum
(see Appendix D). These articles were chosen for their engaging content and style. The
articles are rich in vocabulary, include multiple exposures to target vocabulary, utilize a
variety of context clues, and engage the listeners. Some of these materials were enhanced
by substituting target vocabulary for their synonyms to assure multiple exposures to the
target words as well as consistency of vocabulary across the materials. Because the
selections were read by a teacher to students in a natural classroom setting, and the readaloud texts are not included in the appendices. There are no copyright issues. The readaloud selections are not included.
Creation of the Matching Tool
From the read-aloud selections, 40 words were targeted for the study. These
words are common to both the vocabulary list highlighted by the textbook author and the
nonfiction texts selected for read-aloud. The definitions were taken from the textbook and
from two dictionaries (Guralnik, 1983; Uvarov & Isaacs, 1986). However, in order to
assure that scientific words were not used to define the scientific words, the definitions
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were revised to use common vocabulary. Upon advice from the science teachers, the 40
words were divided into three parts to minimize student frustration and fatigue. The
words were listed in columns across from the definitions. Two distractors were included
on each part of the matching assessment, and two words were selected for studentgenerated definitions. These words were selected based on the number of times students
were exposed to them in the read-alouds. Words like gravity, friction, and energy
appeared naturally in the text more than 50 times. Two forms of the assessment were
developed (see Appendices G, H, I, J, K, and L). The pretest form and the posttest form
contained the same words but in a different order.
Creation of Student-generated Definitions
In addition to matching vocabulary with definitions, six technical words from the
list were chosen for student-generated definitions. Each of the six words was repeated
more than 60 times during the read-aloud sessions. Two of the words were chosen
randomly to appear at the bottom of each section of the pretest and posttest. The
following set of directions was written above the words, “In your own words define the
following vocabulary. You may use the word in a sentence, connect it to experience or
ideas, and/or define the meaning” (see Appendices G, H, I, J, K, and L).
Creation of a Rubric for the Student-generated Definitions
In order to assess the word-knowledge levels of the student-generated definitions,
the eighth-grade science teacher and I discussed Beck et al.’s continuum (2002). Once the
science teacher had an understanding of the word-knowledge levels, we created the rubric
with criteria for each level and examples of possible student-generated definitions (see
Appendix M).
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Inter-rater Reliability
In order to assure consistency and agreement on the student-generated definitions
evaluation, in addition to myself, the eighth-grade science teacher scored all of the
definitions. To begin the process we each scored 25 sets of student responses separately.
We compared our scores and developed the Level of Word Knowledge chart (see
Appendix M) and agreed on a list of Scoring Points for Student-generated Definitions
(see Appendix N). During this process, I deferred to the science teacher when and where
concept understanding was key to the scoring decisions. Once the parameters were set,
we completed the rest of the student-generated definitions independently. We agreed on
95% of the scores, reaching consensus when we met to determine the final student scores
on the student-generated definitions.
Existing District Data
In order to compare the gains of students with differing abilities, data from their
seventh-grade testing was used to group students into low-, average- and high-ability
groups. The eighth-graders took TerraNova Multiple Assessments (TerraNova, 1997) in
April of 2007 while they were still seventh-graders. The Cognitive Skills Index (CSI)
scores are based on age and overall academic ability. The scores are divided into three
intervals. The low interval scores are 85 and below; the average interval scores range
from 86-114; and high interval scores are 115 and above.
The CSI scores were included to ability group participants’ scores because there is
a correlation between vocabulary and intelligence (Carvajal, Nowak, Fraas, &
McConnell, 2000; Follman, 1990; Jenkins et al., 1984; Marzano, 2004; Naglieri &
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Yazzie, 1983). From the results of the analysis, I determined if intelligence affects a
student’s ability to acquire vocabulary incidentally.
Procedure
The fourteen 10-minute read-aloud sessions took place over three weeks at the
beginning of the school year before the science content was studied. I used an animated,
engaging read-aloud style, but did not introduce vocabulary before reading, explain
vocabulary while reading, or engage children in discussions or writing after reading. This
way, the procedure focused on acquiring vocabulary solely through listening. The
classroom teacher agreed not to refer to the read-alouds. In order to maintain consistency
with the intent of the study, I decided it would be best if I, as author of the study, did all
the read-alouds. A science teacher might naturally expand the read-aloud or highlight and
directly teach the vocabulary, as well as entertain students’ responses. It was important to
follow a protocol that included the title of the selection as the read-alouds were conducted
in three different science classes. I explained the study to the science teacher, and she
agreed to do her best to honor the procedures and avoid teaching the vocabulary before or
during the read-aloud sessions. One of the reasons for beginning the study in September
was to minimize the amount of instruction on the selection’s content as it will appear
later in the curriculum. The first science lessons in the curriculum focus on safety issues
and equipment use and did not directly teach any of the target words.
Pretests were administered immediately preceding the read-aloud sessions.
Posttests were administered immediately following the read-aloud sessions. All of the
tests included matching the same target words with definitions, two distractors in the
definitions, and two words defined in students’ own words. The pretests and posttests
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tested the same words, but in different order (see Appendices G, H, I, J, K, and L). The
two words defined by students were analyzed in order to determine depth of vocabulary
knowledge. Depth of vocabulary was determined by using a word knowledge continuum
developed by Beck et al. (1987). The words that were chosen for analysis of word
knowledge are words that appeared with the highest frequency in the read-aloud sessions,
more than 60 times. The directions for the student definitions read as follows, “In your
own words define the following vocabulary. You may use the word in a sentence,
connect it to experience or ideas, or define the meaning.”
Data Analysis
Quantitative Data Analysis
The procedures for this study included pretesting and posttesting target
vocabulary. The tests were comprised of matching items as well as student-generated
written definitions.
I designed the pretest and posttest with 34 target words to be matched with 40
definitions. I maintained some of the words from the pilot study and added more words
that appeared with frequency in the read-alouds. In collaboration with the science
teachers, I decided the vocabulary on the pretests and posttests should be chunked into
three parts to assure that the task would not be too frustrating for the students. Two
authentic scientific distractors were included in each section of definitions (see
Appendices G, H, and I). The same target words and definitions were included in the
posttest, but they were reordered (see Appendices J, K, and L). In addition to the
matching activity, students generated definitions, or explanations, for two technical
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words. The words for this activity were chosen because they appeared in the read-aloud
with the most frequency, more than 50 times.
Statistical tests. When the pretests and posttests were completed, the data were
entered onto a spreadsheet in SPSS for Windows. The following statistical tests were
performed to test the hypotheses.
1. A t-test for independent samples was performed to compare the mean CSI
scores for the control and experimental groups in order to determine if there was a
statistically significant difference between the two groups
2. A t-test for independent samples was performed to compare the mean pretests
of the control and experimental groups in order to determine if there was a statistically
significant difference between the two groups.
3. A t-test for paired samples comparing total pretest scores and total posttest
scores of the experimental group and the control group was performed to see if there
were significant gains and statistically significant differences in gains between groups.
4. A t-test for paired samples comparing technical vocabulary pretest scores and
posttest scores of the experimental group and the control group was performed to see if
there were significant gains.
5. A t-test for paired samples comparing nontechnical vocabulary pretest scores
and posttest scores of the experimental group and the control group was performed to see
if there were significant gains.
6. A t-test for paired samples comparing total pretest scores and total posttest
scores of the experimental group and the control group according to ability levels was
performed to see if there were significant gains.
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7. A t-test for paired samples comparing technical vocabulary pretest scores and
technical posttest scores of the experimental group and the control group according to
ability levels was performed to see if there were significant gains.
8. A t-test for paired samples comparing nontechnical pretest scores and
nontechnical posttest scores of the experimental group and the control group according to
ability levels was performed to see if there were significant gains.
9. A t-test for independent samples was performed to compare the mean pretests
of student-generated definitions of the control and experimental groups in order to
determine if there was a statistically significant difference between the two groups.
10. A t-test for paired samples comparing total student-generated definitions,
pretest scores, and posttest scores of the experimental group and the control group was
performed to see if there were significant gains.
11. A t-test for paired samples comparing student-generated pretest scores and
posttest scores of the experimental group and the control group according to ability levels
was performed to see if there were significant gains.
Qualitative Data
In addition to the quantitative data gathered, students and teachers were
interviewed. Their thoughts about science education and reactions to the use of readalouds in science classes contextualize this study.
In order to understand the learning environment in the middle-school where the
study took place, I interviewed three science teachers. The questions I asked the sixthand seventh-grade teachers were designed to review the background of science education
students experienced before the study. The questions for all three included:
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1. How important is vocabulary in science classes?
2. How do you teach vocabulary?
3. How do you assess vocabulary?
4. Do you use read-alouds in science classes?
5. What other ideas would you like to share?
In addition to these questions, I also asked the eighth-grade teacher whose classes
are included in the study to respond to the read-aloud process, and I invited all of the
teachers to share their ideas on science education. Additional questions for the eighthgrade science teacher included:
1. What did you observe while I was reading to the students?
2. Tell me about read-alouds and their use in the science classroom?
3. In your opinion, what would make the read-alouds better for your classes?
Since the sixth-grade teacher was in a cohort masters science education program,
and she wanted to support my study by giving a survey to the teachers in her cohort
group. Four of the teachers, who represent grades kindergarten through ninth-garden
answered the following survey questions.
1. Grade level and topics/subject
2. How do you make the science text accessible for the students?
3. List a couple of strategies or methods you use.
4. Do you use read-alouds in science classes?
5. If so, how do you integrate them into your classes/lessons/routine?
6. Do the kids Listen, discuss, draw, write, etc?
7. How much time to you devote to them?
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8. Other comments welcome.
I began the student interview by thanking the student for agreeing to talk to me
about the read-aloud sessions, asking permission to record, stating that I valued all ideas
and opinions, and noting that not all of the questions had to be answered. I noted that I
would not use any names in reporting my findings. The following are the questions I
asked students after the posttests:
1. How do you feel about teachers reading aloud in classes?
2. Tell me about other read-aloud experiences you have had in school. Do you
remember teachers who read to you, or some of the stories, poetry, informational text that
you listened to? How did you feel while being read to?
3. What do you remember of the nonfiction texts I read to you? Which did you
like the most? The least? Why?
4. What did you learn from the read-alouds?
5. How did you feel as I read to you?
6. Would you please critique my reading aloud?
7. What effect did the reading aloud have on your interest in, or understanding of,
the vocabulary and topics in physics?
8. Would you recommend reading aloud of informational text?
9. Is there anything else you would like to say?
The teacher interviews were less formal. I asked them if, when, and how they
used read-alouds in their science classrooms, what specific materials they used and where
they found these materials, and their concerns about the science textbooks.
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Limitations of the Design
1. The design the lacked randomization. Classes are often configured based on the
needs of the child, the teacher’s style, a need to balance gender and ability levels, and an
attempt to reduce social discord.
2. As comes with intact classrooms, there was no controlling for attendance in this
study.
3. I was unable to control students’ access to the content and exposure to
vocabulary outside of the read-aloud setting. Children may have read books, watched
programs, or experienced the content of the read-aloud in their environment before or
during the study.
4. The study design limited the analysis and choice of the target words to simply
technical and nontechnical. I did not consider parts of speech, specific context clues, or
syntax.
5. I only considered number of exposures to the words. Each target word appeared
naturally at least five times, but some appeared over 60 times.
6. The vocabulary assessment tool was created by the science teacher and me, and
so was limited. It was developed much the same way classroom teachers create
assessments with the goal of monitoring students’ understanding of the vocabulary and
concepts in the class.
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CHAPTER FOUR
Findings
Introduction
This chapter reports the findings regarding the effects of reading nonfiction aloud
on the vocabulary acquisition of middle-school students. Vocabulary embedded in the
read-aloud text was chosen as the target vocabulary, and learning was assessed using
pretests and posttests.
The data gathered included: (a) Cognitive Skills Index (CSI) scores from135
students, (b) pretests and posttests of vocabulary matching tasks, and (c) studentgenerated definitions on pretests and posttests. Data were collected for both a control
group and a treatment group and several comparisons were analyzed. Interviews with
students and teachers provided insight to the results of the study.
At the onset of this study, I intended to analyze the data by three ability groups
(high, middle, and low) that were created using the CSI scores. Because of the hands-on
activities, all students are included in science classes, so I included all eighth-graders in
the study. However, there were not enough data from the low-ability group to analyze.
This is due to the fact that most of the special-education students have testing
accommodations. They do not take tests with the regular-education students and the tests
they do take are modified by their special-education teachers. There was no time to
modify their tests for this study. Therefore, only scores from two ability groups were
analyzed.
Another issue to be aware of is the differences in the sample size for the various
analyses. These numbers vary because of missing scores. The vocabulary matching tests
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and student-generated definitions were administered over several days, and there was a
period of three weeks between pretests and posttests. In addition, students might have
been absent during the pretest or posttests. They might not have put their names on all the
pages of the tests, and, some students did not complete the student-generated definitions.
However, students remained in the study if they were in attendance for both the pretest
and the posttest. I also included student data even when the student-generated definitions
were left blank. The blank definitions on both pretests and posttests were scored as Word
Knowledge Level 1: Never heard of it, because the omissions might be due to lack of
knowledge about the word. Finally, the numbers vary in the sample sizes for ability
groups because some of the students were new to the school, and there were no ability
scores available for them.
Quantitative Data Analysis
Comparison of the Treatment and Control Groups Pretest Scores
Two analyses were performed to determine if there was a statistically significant
difference between control group and treatment group abilities. Spring 2007 CSI scores
made available by the school district were used to compare the cognitive abilities of the
two groups. The second analysis was performed comparing the pretest vocabulary
matching test scores of the treatment group and the control group to determine if there
was a statistically significant difference between the two on the vocabulary pretests.
Analysis of treatment and control group average ability levels. Results show that
even though the mean CSI score of the control group was slightly higher than the mean
CSI score of the treatment group, this difference was not statistically significant (p=.17)
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(see Table 4). Therefore, it was assumed that the two groups had comparable average
abilities.
Table 4
Mean CSI Scores of Experimental and Control Groups

Group
N
Mean
SD
t
p
________________________________________________________________________
Treatment

70

115.93

12.340

Control

61

112.72

14.256

1.380

.170

The means of the vocabulary matching pretests for the experimental and control
groups were also compared to determine if there was a statistically significant difference
between the two groups regarding vocabulary knowledge (see Table 5).
Table 5
Mean Pretest Scores of Experimental and Control Groups

Group

N

Mean

SD

t

p

Treatment

69

17.88

6.462

.101

.920

Control

64

17.77

7.113

Results show that the means on the vocabulary matching pretests were almost
identical (17.88 and 17.77), (see Table 5), so there was no statistically significant
difference between the two groups. Therefore, it was assumed that both groups knew
about the same number of target words before the read-aloud sessions.
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From the comparison of two different test score means, the two groups appear to
be similar. Since the two groups started out with similar knowledge, the analyses
proceed.
Comparison of the Treatment and Control Group Gain Scores
In order to determine the gain scores on the vocabulary matching tests, the
vocabulary matching pretest scores and posttest scores of the two groups were analyzed
in three parts: the total vocabulary matching pretests and posttests, the technical
vocabulary matching pretests and posttests, and the nontechnical vocabulary matching
pretests and posttests.
The matching task consisted of 34 target vocabulary words and 40 definitions.
This large task was divided into three parts, based upon the recommendations of the
science teachers. Each of the three parts included two distractors in the list of definitions.
The words from the pretests were reordered for the posttests. After the pretests and
posttests were administered, the eighth-grade science teacher questioned two of the
definitions. Therefore, two of the target vocabulary words were dropped from the
analyses of all the matching tasks. The remaining 32 target vocabulary words were
included in the analyses.
Analysis of the total matching vocabulary gains scores. Table 6 compares the
gains made by both the treatment group and the control group in order to determine if
there was a significant difference in the gain scores of the two groups.
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Table 6
Comparison of Gain Scores on the Total Vocabulary Matching Test

Group

N

Mean
Pretest Posttest

SD
Pretest Posttest

Gain

t

p

Treatment 67

17.69

18.73

6.448

8.199

1.04

-1.588

.117

Control

17.87

18.33

7.075

7.227

0.46

-0.691

.492

60

The comparisons of the results in Table 6 show that there is no statistically
significant difference in the gains (p=.117 and .492, respectively) between the two
groups. However, the treatment group showed a slightly greater gain (mean gain=1.04)
on the total vocabulary matching than did the control group’s (mean gain=0.46).
Analysis of technical vocabulary gain scores. Technical vocabulary for the study
was chosen with guidance from two science teachers. One hundred words were generated
on the original list. The final list consisted of 32 words that were in the science textbook
and appeared in the read-aloud passages at least five times. There were 19 technical
words and 13 nontechnical words.
The mean scores on the matching technical and nontechnical vocabulary posttests
of the control group and the treatment group were compared to determine if there was a
significant difference in the gain scores of the two groups.
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Table 7
Comparison of Gain Scores on Technical Vocabulary Matching Test
Group

N

Mean
Pretest Posttest

Treatment

67

7.97

Control

60

7.97

SD
Pretest Posttest

Gain

9.60

3.424

4.732

1.63

-3.259

.002

8.98

3.742

3.981

1.01

-2.353

.022

t

p

As indicated in Table 7, results from gain scores on the technical vocabulary
matching tests show that both groups made statistically significant gains (p=.002 for the
treatment group and p=.022 for the control group) on the technical vocabulary matching
tests (see Table 7). Both groups’ pretests means were the same, but the treatment group
made a little more gain (mean gain = 1.63) than did the control group (mean gain=1.01)
on the raw scores.
Analysis of nontechnical vocabulary gain scores. Nontechnical vocabulary was
selected with the guidance of the science teachers. The criteria used in choosing the 13
nontechnical vocabulary included words that appeared in the read-aloud text at least five
times, are multisyllabic, are not specific to science text, are necessary for deeper
comprehension of text, are similar to missed items on a district assessment, and are
deemed by the two science teachers as difficult for students to read.
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Table 8
Comparison of Gain Scores on Nontechnical Matching Vocabulary Test
Group

N

Mean
Pretest Posttest

SD
Pretest Posttest

Gain

t

p

Treatment 67

8.91

8.52

3.397

3.408

-.39

1.452

.151

Control

9.17

8.73

3.538

3.709

-.44

1.055

.296

60

Results from the nontechnical matching vocabulary test do not show a statistically
significant gain (see Table 8). Contrary to the hypothesis regarding nontechnical
vocabulary there was no significant gain. In fact, both groups showed a decrease in mean
score rather than a gain.
Analysis of the total matching vocabulary gain scores by ability level. Ability
levels were determined from the CSI scores generated in the spring of 2007 at the end of
the eighth-graders’ seventh-grade year. Scores of 115 and above comprise the highability scores. Middle-ability scores range from 86 to 114.
Table 9
Comparison of Gain Scores on Total Matching Vocabulary According to Ability Level
Group

Ability N

Treatment High

Control

Mean
Pretest Posttest

SD
Pretest Posttest

Gain

t

p

37

20.62

23.11

5.155 5.825

2.49

-2.952

.006

Middle 29

14.48

13.66

5.748 7.422

-0.82

0.839

.409

High

19.54

20.08

6.420 6.829

0.54

-0.450

.657

26

Middle 28 16.07
16.89
6.318 6.618
0.82
-0.895 .378
________________________________________________________________________
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Results from the comparison of gains made on the total matching vocabulary
according to ability show that the high-ability treatment group made statistically
significant gains (p=.006) (see Table 9). The actual average gain for the high-ability
treatment group was 2.4 words. The middle-ability treatment group score decreased.
There were no significant gains for the high- and middle-level ability students in the
control group (p=.657 and p=.378, respectively), although from a practical stance the
control high- and middle-ability groups both made slight gains on the raw score (0.54 and
0.82, respectively).
Analysis of technical matching vocabulary gain scores according to ability
groups. An analysis of gains made by ability groups on the subset of technical vocabulary
was performed to see if there is a difference in gains based on ability (see Table 10).
Table 10
Comparison of Gain Scores on Technical Matching Vocabulary According to Ability
Level
Group

Ability

Treatment High
Middle
Control

High

N

Mean
Pretest Posttest

SD
Pretest Posttest

Gain

t

p

37

9.24

12.00

3.113

3.815

2.76

-4.132 .001

29

6.59

6.79

3.053

4.030

0.20

-0.294 .771

8.85

9.85

2.976

3.936

1.00

-1.315 .201

26

Middle 28
6.82
8.14
3.475
3.659
1.32
2.375 .025
________________________________________________________________________
In Table 10, results from technical matching vocabulary according to ability level
show that the high-ability treatment group and the middle control group both made
significant gains (p=.001 and p=.025) on matching technical vocabulary. The high-
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ability treatment group students gained, on average, 2.76 points, and the middle-level
control group students gained, on average, 1.32 points.
Analysis of nontechnical vocabulary gain scores according to ability. The gains
on the nontechnical matching vocabulary according to ability level were analyzed to see
if there are differences in gains on nontechnical vocabulary according to ability.
Table 11
Comparison of Gain Scores on Nontechnical Matching Vocabulary According to Ability
Level
Group

Ability

Mean
Pretest Posttest

SD
Pretest Posttest

37

10.46

10.24

2.631

2.191

Middle

29

7.21

6.55

3.144

High

26

9.96

9.58

Middle

28

8.50

8.11

Treatment High

Control

N

Gain

t

p

-0.22

0.563

.572

3.429

-0.66

1.744

.092

3.572

3.190

-0.38

0.584

.546

3.061

3.745

-0.39

0.649

.522

________________________________________________________________________
Contrary to what was predicted, results of the nontechnical matching vocabulary
show that the means for all four groups went down (see Table 11).
Comparison of the Treatment and Control Groups on Student-generated Definitions
In addition to the matching pretests and posttests, student-generated definitions
were written for six technical words that were repeated more than 60 times throughout
the read-aloud texts. The task of writing definitions, synonyms, or using words in
sentences to show knowledge of the word, is different from the task in matching tests.
The next tables (Tables 12-14) show results from the student-generated definitions. All of
these words are technical words, so there is no breakdown by technical and nontechnical
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words in the analyses. Also, the student-generated definitions fit into four wordknowledge levels: (a) Level 1: Never saw it; (b) Level 2: Heard of it; (c) Level 3:
Recognize it; and (d) Level 4: Know it, can define and use it. The levels were assigned
points for the data analysis that coincided with the level number.
Analysis of treatment and control groups on student-generated definition pretest
scores. The pretest scores were compared to determine if the groups are statistically
significantly different. The total scores on the student-generated definitions ranged from
6 to 24.
Table 12
Mean Pretest Scores on Student-generated Definitions

Group

N

Mean

Treatment

69

12.783

Control

63

12.889

Standard Deviation

2.645

t

-.242

p

.809

2.370

Results show that there is no significant difference (p= .809) between the two
groups according to the pretest on student-generated definitions (see Table12).
Analysis of gain scores on student-generated definitions. Results from the total
student-generated definitions show a significant gain for the treatment group (p<.001)
(see Table 13). Results for the control group show that there was not a significant gain
(p=.173) (see Table 13). From a practical viewpoint, the treatment group gained 1.3
points out of a possible 24 total, while the control group gained much less (0.4).
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Table 13
Comparison of Word Level Scores on Student-generated Definitions
Group
N
Mean
SD
Gain
Pretest Posttest
Pretest Posttest

t

p

Treatment

67

12.716

14.045

2.650 3.131

1.328

-4.677

.001

Control

60

13.100

13.500

2.207 2.253

0.400

-1.378

.173

Analysis of gain scores on student-generated definitions according to ability. The
definitions, synonyms, and sentences used to determine the extent to which eighthgraders understood the six target words were further analyzed by ability groups. The
discrepancy in sample size between Table 13 and Table 14 is due to the lack of abilitylevel data for students new to the school.
Table 14
Comparison of Gain Scores on Student-generated Definitions According to Ability Level
Group

Ability

N

Mean
Pretest Posttest

SD
Pretest Posttest

Gain

t

p

37

13.541 15.514

2.376 2.567

1.973

-5.030

.001

Middle

29

11.862 12.345

2.546 2.807

0.483

-1.281

.211

High

27

13.963 14.333

2.157 2.148

0.370

- 0.719

.479

Treatment High

Control

Middle 27
12.259 12.778
1.767 1.928 0.519
-1.892 .070
________________________________________________________________________
As indicated in Table 14, results from the comparison of gains on studentgenerated definitions show that the only group to make statistically significant gains
(p<.001) is the high-ability treatment group. None of the other three groups made
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statistically significant gains, although the gain of the middle-level control group
approached statistical significance (p=.07).
Repetitions of Technical and Nontechnical Words in the Read-aloud Texts
The number of exposures to each of the target vocabulary words in the text was
uneven. Since the words were embedded in natural text, they were not controlled. The
word force, which is the underlying concept in physics, occurred 241 times in the readalouds. With force included in the analysis, the average number of exposures to technical
words was 41, and without including force, the average number of exposures to the
technical words is 33. The frequency with which the non-technical words occurred
averaged 10 times. Technical words occurred naturally in the text 3 to 4 times as often as
the non-technical words occurred naturally in the text.
Analysis of word-knowledge level shifts of the treatment and control groups. After
analyzing the total gain scores, the percentages of students scoring at each of the four
word levels were analyzed for the treatment group and the control group. The following
pie charts depict the results (Figure 3).
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Treatment Group Pretest Levels N=67

Treatment Group Posttest Levels N=67

4
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4
10%

1
19%

1
21%

3
27%
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2
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Control Group Pretest Levels N=60

Control Group Posttest Levels N=60

4
4%

4
5%
1
21%

1
17%

3
27%

3
30%
1
2
3
4

1
2
3
4

2
48%

2
48%

Figure 3
Changes in Word-knowledge Levels from Pretest to Posttest
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In the two highest levels of word knowledge, the percentage of students from the
treatment group increased. Word-knowledge Level 4 is the highest word knowledge
level. For the treatment group, the percentage of the students scoring in the top level
increased from 5% to 10%. Word-knowledge Level 3 is the second highest wordknowledge level. The percentage of students in the treatment group who scored at this
level increased from 25% to 32%. The percentage of students in the treatment group who
scored in the two lower word-knowledge levels decreased from pretest to posttest. Wordknowledge Level 2 depicts a drop from 49% to 39%. Word-knowledge Level 1, depicts a
drop from 21% to 19%. The treatment group percentages in the two high wordknowledge levels increased from 30% to 42%, while their two low word-knowledge
levels decreased from 70% to 58%.
In the two highest levels of word knowledge, the percentage of students from the
control group increased less than did the treatment group. For the control group the
percentage of the students scoring in Word-knowledge Level 4 increased from 4% to 5%.
The percentage of students in the control group who scored at Word-knowledge Level 3
increased from 27% to 30%. The percentage of students in the control group who scored
in the two lower word-knowledge levels decreased from pretest to posttest. According to
Figure 3 there was no change from pretest to posttest in Word-knowledge Level 2, but
Word-knowledge Level 1 shows a decrease from 21% to 17%. The control group
percentages in the two high word-knowledge levels increased from 31% to 35%, while
their two low word-knowledge levels decreased from 69% to 65%.
The shift for the treatment group from the two lower word-knowledge levels to
the two higher word-knowledge levels is 12%, while the shift for the control group is
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only 4%. Students in the treatment group were able to generate more higher-level
definitions than the students in the control group.
Qualitative Data Analysis
Student Interviews
After the quantitative data were collected and analyzed, I interviewed five
students from the treatment group. The male students were all from the high-ability
group, while the female students were from the middle-ability group.
Although the number is small, their responses can be analyzed to enhance, or
explain, the quantitative data and connect to classroom practices. Their responses are
categorized into five areas: (a) vocabulary and concepts mentioned in the interview, (b)
attitudes about being read to, (c) memories of read-alouds, (d) learning that occurred, and
(e) recommendations for future read-aloud sessions.
Vocabulary and concepts mentioned in the interview. The two female
interviewees did not mention the technical target words or the specific physics topics
from the read-alouds in the context of their interview answers. One said, “The only thing
I remember is Isaac Newton.” The other female mentioned Newton’s laws, and “Newton
himself.”
Two of the males talked about the physics topics included in the read-alouds.
They used several target words in their interviews, and they were interested in the physics
connections to their lives. The third male mentioned Isaac Newton, roller coasters, and
acceleration, (pronounced /excelleration/), but spoke of learning vocabulary in general.
Attitudes about read-alouds. Four of the interviewees thought the read-alouds,
physics, and science were interesting. However, one female clearly let me know at the
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beginning of the interview that she “hates science.” She listened, as did the others, but
lost interest, and by the middle of most sessions began “gazing off.” She clearly said, “By
the middle of the session, I just like, I don’t care.”
However, all five interviewees thought the read-aloud sessions were more fun
than reading the textbook. At first it was fun, different, connected to their lives, and got
them out of work. But, they claimed, it did start to get boring.
Memories of read-alouds. The interviewees remembered a variety of read-alouds
from previous years. One of the interviewees remembered a specific title, Boxcar
Children. Three remembered collections: Caudill Awards, Dr. Seuss, and poetry; one
remembered reading along as the teacher read to them; and one remembered listening to a
Newsweek article and responding with a persuasive essay. However, no one reported
being read to on a regular basis.
Learning that occurred from science read-alouds. The students noted that they
thought they learned something from the read-aloud sessions. Listening activated their
background knowledge, previewed vocabulary and concepts that they would better
understand when presented in science lessons, and added to their knowledge. One male
said the read-aloud “poses a lot of questions in my mind, so I wanted to seek answers.”
Another male said, “Context clues make a difference, and it is easier if you hear it out
loud.” The female who hates science said, “I learned stuff that week, but I’ve kinda
forgotten it.”
Student recommendations for future read-aloud sessions. All five interviewees
said they thought read-alouds should be done in class because they help with learning.
But one specifically suggested that the sessions be shorter, and the others said that the
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topic would determine whether or not students listen. The male who said he wanted to
seek answers, also said teachers should read aloud because it is “cool to learn about the
things.”
Survey from Science Teachers in a Cohort Masters Degree Program
In order to get a small glimpse of what science teachers think of the potential of
nonfiction read-alouds for upper-grades, I sent surveys to 10 teachers working on the
master’s degrees in science. Four teachers, who represent grades kindergarten through
ninth-grade, returned the survey. All four rely on textbooks as their main resource of
information. The exception is one teacher who runs a science activity center for
kindergarten through fifth-grade. She reads Bartholomew and the Oobleck to first-graders
when they do the oobleck activity. But she reports that the classroom teachers use the
textbook and read it to students, while in the center she does the hands-on “lessons that
are too hard or too messy” for the classroom. The ninth-grade biology teacher describes
read-aloud as teachers or students reading the textbook out loud in class. When the
teacher reads aloud, she models her thought process. Her students read the text
independently also. Regardless of the reading method, in this teacher’s class note-taking
is the predominant literary activity. Beyond the textbook, students and teachers read
newspapers and magazines, discuss, and take notes. The middle-school teacher spends
time previewing the science textbook with students by looking at captions, pictures, and
headings, and highlighting important information. Her students listen, discuss, draw, and
write as the subject matter dictates. The middle-school math and science teacher uses
media in addition to the textbook. After PowerPoint presentations or United Streaming,
students discuss or do labs. As in most science curriculums, these teachers all rely on
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textbooks as their main resource (Osborne, 2003). None of them read aloud from other
materials on a regular, or even occasional, basis.
Science Teacher Interviews
I interviewed two science teachers in the building where the study took place.
Anne is a sixth-grade teacher who has been reading to her science classes for over four
years and has a personal vision and philosophy regarding science education. Lois is the
eighth-grade teacher who scored the student-generated definitions and is the teacher of
the students in the study.
Anne has been using various forms of read-alouds for many years. She notes that
the textbooks are difficult for students to read because of the vocabulary and the concepts
presented. Since her students have a wide range of reading ability, she finds material that
is above their reading level in order to deepen their understanding of the concepts before
they read the text. She reads to the students to broaden their background in science, and
she looks for textbook publishers who differentiate the texts.
Lois does not use read-alouds in her classroom. She observed some students
listening to the read-alouds during the study, but not all of the students were listening.
She noted that the science textbook is difficult for the students to read because of the
vocabulary and the science concepts. The study of physics is especially difficult because
it is new to the students.
Summary of the Quantitative Data
Overall Gains
According to the descriptive analyses of the CSI scores, the vocabulary matching
pretests, and the student-generated pretests, the treatment group and the control group
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were similar in cognitive ability and vocabulary knowledge prior to the start of the study.
There was no significant difference between the two groups.
To compare the overall gains made during the study, pretest and posttest scores of
the matching vocabulary tests, and the total word-knowledge level pretest and posttest
scores on the student-generated definitions were analyzed. Neither the treatment group,
nor the control group made statistically significant gains on the total matching tests.
While these gains were not statistically significant for the treatment group, they did show
some gain. From a practical stance, the average gain of 1.63 words over three weeks
suggests that some students who listened to read-aloud gained some vocabulary
knowledge.
The gains the treatment group made on student-generated definitions were
statistically significant while the gains the control group made were not statistically
significant. The students who listened to the read-alouds wrote better definitions than did
those who did not listen to the read-alouds. For the treatment group there was a 12% shift
from the two lower word-knowledge levels to the two higher word-knowledge levels,
while the shift for the control group was only 4%.
Both groups made statistically significant gains on the technical vocabulary
matching tests, but showed a loss in the nontechnical vocabulary matching tests.
High-ability Treatment Group
When the treatment group results were analyzed according to ability, the highability group made statistically significant gains on the total vocabulary matching as well
as on the student-generated definitions. The middle-ability treatment group did not show
statistically significant gains on the matching, but did on the student-generated
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definitions. the middle-ability control group was close to showing a statistically
significant gain.
Summary of Qualitative Data
Student Interviews
The five students who were interviewed were generally positive about read-alouds
in science class. They had suggestions for shortening the time and were honest about
losing interest in some of the sessions. But overall they were interested in the topics as
they related to life and they thought they were learning vocabulary and being exposed to
science concepts that they would later study and be tested on.
Teacher Surveys
Four teachers in a cohort masters program returned the survey about their use of
read-alouds and the textbook, assignments, and activities they do with their students.
Overall, they do not use read-alouds but rely mostly on textbooks.
Teacher Interviews
Both of the science teachers I interviewed work in the district where the study
took place. Both are concerned about the difficulty of the vocabulary in the district
science textbooks. While both see the value of read-alouds in the content area, one has
been using read-alouds to augment the curriculum and help students who struggle with
reading to understand concepts, and the other has not.
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CHAPTER FIVE
Discussion of the Findings
Overview of the Chapter
The overlying question explored in this study is, Can eighth-grade students learn
vocabulary from listening to nonfiction read-alouds? The answer is, “Yes.” After
examining the data from several perspectives, it appears that some students in certain
situations can, and do, learn vocabulary from listening.
After analyzing the data as a whole, the results were somewhat disappointing. I
expected the treatment group to make significant gains after 14 read-aloud sessions with
multiple exposures to the vocabulary. However, the results show that there is no
statistically significant difference in the gains between the two groups on the total
vocabulary matching tests.
Further analysis of the technical and nontechnical words produced positive
results. Results from gain scores on the technical vocabulary matching tests show that
both the treatment group and the control group made statistically significant gains on the
technical vocabulary. I expected the treatment group to learn more words than the control
groups, which they did. The treatment group’s mean gain on the technical vocabulary
matching tests (mean gain=1.63) was more than that of the control group (mean
gain=1.01).
After establishing that significant gains were made on technical vocabulary of the
treatment and control groups as wholes, a closer look at the gain scores according to
ability groups within the treatment group and the control group also yielded positive
results. The high-ability students in the treatment group made statistically significant
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gains (p=.006) on the technical vocabulary. From a practical perspective, the high-ability
group mean raw score increased by 2.76 words. This is an average raw score increase that
a teacher can appreciate, especially considering that the technical words are science
vocabulary from the curriculum. These results show that high-ability students can learn
technical vocabulary from read-alouds. Neither the middle-ability treatment group nor the
high-ability control group had significant gains in vocabulary knowledge.
The middle-ability control group also increased significantly on the technical
vocabulary matching tests (p=< .02). While the middle-ability control groups’ mean gain
was 1.32 technical words, the high-ability treatment group mean gain of 2.76 was double
that of the control group’s. The gains of the middle-ability group might be a function of
the test, or outside experiences with the physics topics might have contributed to the
acquisition of technical vocabulary. Even with the significant gain of the middle-ability
group, the high-ability group that listens to nonfiction read-alouds is more likely to learn
vocabulary than any other group.
Learning technical vocabulary is extremely important, especially in science
(Carlisle et al., 2000; Cavanaugh, 2005; Fang, 2006). All science instruction is built upon
science vocabulary. Excluding science vocabulary waters down the curriculum, so it is
important for science teachers to use and help students develop their science vocabulary.
This is not easy as some of the vocabulary words stand for concepts unfamiliar to
students. Some of the vocabulary, previously known by students, is used in different
ways to explain science concepts. In addition, the Language of School Science (LSS)
uses more complex syntax (Fang, 2006).
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The results from the analyses of nontechnical vocabulary revealed that only a few
of the students made any gain. Actually, the average mean score for all four groups
decreased. This result was unexpected, but I believe it relates to the role of nontechnical
vocabulary in text and the lack of contextual clues for nontechnical vocabulary. They
have little meaning in and of themselves, but serve to connect, compare, and expand
content area concepts.
Given that the results from the vocabulary matching test indicate students in the
high-ability treatment group can recognize words they have heard in read-alouds, at least
technical words, were they successful at the task requiring them to derive their own
meanings? Since the groups were similar, I hypothesized that the treatment group would
be more successful than the control group at the task of deriving meaning. Results from
the analysis of the total gain scores on the student-generated definitions indicated a
statistically significant gain. The control group gain was not significant. As with the
recognition task, the high-ability treatment group demonstrated statistically significant
gains (p=<.002). The middle-ability group approached significant gains (p=.07). Being
able to derive meaning is crucial to continued vocabulary development and word
knowledge growth (Jenkins et al., 1989).
The final analysis involves the shift in word knowledge level measured by the
derived meaning task of student-generated definitions. The percentage of students from
the treatment group who scored in the top two word knowledge levels increased by 12%
as indicated by the posttest scores. The increase of students scoring in the top two word
knowledge levels from the control group is only 4%. I believe these results, when
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combined with the gain scores of the high-ability students in the treatment group, justify
using read-alouds in content area classrooms.
Incidental Vocabulary Acquisition from Listening to Read-alouds
Vocabulary acquisition is a gradual process. The results from this study represent
a relatively short period in the process. Many factors are involved in acquiring
vocabulary. Word meanings are contextual, so students need multiple exposures to
vocabulary within the context of the specific content area materials (Vacca & Vacca,
1999). This can be achieved through nonfiction read-alouds. They also need exposures to
nontechnical vocabulary that is used to connect ideas and develop concepts in content
areas (Vacca & Vacca, 1999). This too can be achieved through nonfiction read-alouds.
During this study, students listened to read-alouds with multiple exposures to both
technical and nontechnical vocabulary, but the only gain demonstrated was on the
technical vocabulary.
Reading aloud to students has a positive effect on their vocabulary growth,
comprehension, and concepts of story. It is one of the most highly recommended
practices for young children (Anderson et al., 1985; Beck & McKeown, 2001b;
Blachowicz & Fisher, 2000; Dickenson & Smith, 1994; Durkin, 1966; Elley, 1989;
Robbins & Ehri, 1994; Routman, 1991). Since most of the studies focus on young
children and fiction, research focused on older students and nonfiction read-alouds is
needed.
In the study I conducted, eighth-graders listened to nonfiction read-alouds and
were tested to see if they learned vocabulary, or deepened their vocabulary knowledge of
target words. In this quasi-experimental study, I compared the mean gains from
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vocabulary matching pretests and posttests of a treatment group of students who listened
to nonfiction read-alouds about physics and a control group of students who did not.
Three of the six intact eighth-grade classes were drawn randomly to make up the
treatment group. The other three intact classes made up the control group. These groups
occurred naturally in the school, so there was no attempt to match students by ability, but
they were similar.
Since the treatment and control groups were similar, I expected the treatment
group to learn more words than the control group. Previous research supported my
hypothesis. Elley (1989) conducted two experiments with eight-year-olds and found that
the students made gains in vocabulary development from listening to read-alouds. Stahl,
Richek, and Vandevier (1991) found sixth-graders scored higher on words that they had
heard during read-aloud sessions than words they did not hear. Brett et al. (1996) also
found that fourth-grade students who had been read to scored higher on vocabulary tests
than the control group that had not been read to.
I also hypothesized that being older than the participants in many previous
studies, eighth-graders students would listen attentively to the read-alouds and learn more
vocabulary. They have prior knowledge and experience with some of the read-aloud
topics like golf, basketball, comic heroes, and roller coasters, so I expected them to
connect to the read-alouds. Nagy et al. (1985) found that when eighth-graders
encountered new vocabulary in written context, they showed more gain in vocabulary
than did the fifth-graders in a previous study by Jenkins et al. (1984).
Unfortunately, after 14 sessions of nonfiction read-alouds, there was no
statistically significant difference in the gain scores of the treatment group and the control
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group (p =.117) on the vocabulary matching tests. Upon further analysis of individual
student scores, I found that the scores of three students in the middle-ability treatment
group dropped over seven points (-12, -13, -11), while only one student’s score dropped
over seven points (-8) in the middle-ability control group. When scores decrease by this
amount, it indicates that the students were not participating seriously in the study. It may
have been more appropriate to discard their scores since they seem to have biased the
results. At the same time, two students’ scores in the middle-ability treatment group
increased over seven points (+ 9, +8) while three scores from students in the middleability control group increased over seven points (+8, +8, +12). However, the mean gain
for the treatment group was 1.04 words out of 32. While this mean gain is minimal, it is
a gain. Even though the mean gain was limited, from a practical stance, some students did
increase their vocabulary knowledge enough to merit consideration of including
nonfiction read-alouds in the content area classroom.
Why was the mean gain score so limited for the treatment group? It might be that
the read-aloud sessions were too long, and the students were not used to being read to in
science. During the read-aloud sessions, some students were playing with equipment at
their stations while some sat still and stared into space. This study included more sessions
than earlier studies (Elley, 1989; Jenkins et al., 1984, 1989; Nagy et al., 1985, 1987;
Shefelbine, 1990; Stahl, Richek, et al., 1991). In earlier studies, two or three stories, or
paragraphs, were read by, or to, students, while there were 14 read-aloud sessions in this
study. The read-aloud sessions were added to the beginning of the science class and were
a minimum of 10 minutes in length. Earlier studies (Elley, 1989; Jenkins et al., 1984,
1989; Nagy et al., 1985, 1987; Shefelbine, 1990; Stahl, Richek, et al., 1991) were shorter
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in time as well as in length. However, in a longitudinal study (Fang, 2008b), students
received strategy lessons once a week for 22 weeks, and read one science trade book a
week. The results of this multifaceted treatment resulted in significant gains in
vocabulary and comprehension as measured by the Gates McGinitie Reading Test, and
the Curriculum-Referenced Science Test (Fang, 2008b). Fang’s longitudinal study
honored the gradual ongoing process of vocabulary acquisition with multilayered
interventions that included science trade books, weekly content area reading strategy
lessons, and staff development. His findings support the value of reading in science
classes, albeit differently than mine did.
It could be that the read-aloud topics were detached from classroom content at the
time. The science teacher was reviewing safety rules and routines in the classroom. In
addition, according to the science teacher, the science of physics is new to eighth-grade
students. In prior years, they studied animals, the solar system, rocks, and plants, but the
study of matter, energy, force and motion, and how they all relate, is a new set of
concepts for them. During this study, they listened to read-alouds about applying the laws
of physics to movement and force around them, but these new concepts were not being
reinforced in their science classes. Not only are the concepts new and difficult to grasp,
the (LSS) is unique and difficult for students (Fang, 2006). The use of what Fang (2006)
refers to as “informational storybooks” (p. 515) could serve as motivators, models, and
scaffolded texts necessary for building background knowledge. Eighth-graders’ schema
for physics, which is imperative for linking new information to prior knowledge and
experience (Marzano, 2004; McKee & Ogle, 2005; Stahl, Hare, et al. 1991), is limited.
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There are many different ways to incorporate read-alouds in content area
classrooms. I chose an intense, 10-minutes of read-alouds at the beginning of class. If
texts were taken from a variety of sources and shared informally with students, they
might be woven into class lessons in a natural way by an interested teacher (Tovani,
2004), much like Anne, a sixth-grade teacher I interviewed, has been doing for years.
Students are not used to informational, or nonfiction, texts (Duke, 2000; Fang, 2006;
Yopp & Yopp, 2006). They need more exposure to rich texts that are well-written
expository texts, award-winning science literature, accurate and authentic magazines, and
primary documents (Fang, 2008a).
It could be that the task vocabulary matching limited their responses. Instead of
deriving, or constructing, meaning, the matching tests require students to recognize
meanings that are listed. In Jenkins et al. (1989), researchers concluded that instruction in
deriving meaning, when compared with instruction on recognizing words, contributes to
students’ ability to learn new words independently. This might explain, in part, why
students in my study developed deeper word knowledge as demonstrated on the studentgenerated definitions gain scores than by gain scores on the vocabulary matching test.
And finally, the study limited the read-aloud methods to pure read-aloud. No
discussion, explanation, or connection to the textbook were made. The teacher did not
reinforce the content by referring to the read-alouds during class time. There was no
drawing, diagramming, or labeling. Had the study included explanations of the target
words as they were encountered in the read-alouds, perhaps the gains would be greater as
they were in Brett, et al.’s study (1996). In the two experiments Elley (1989) conducted,
the read-aloud plus explanations of target words and use of pictures resulted in the
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vocabulary growth of fourth-graders. Several prior studies (Santoro et al., 2008; Senechal
& Cornell, 1993; Smolkin & Donovan, 2003) examined the use of interactive read-alouds
that yielded high gain scores. The implications clearly support read-alouds with
discussions, connections, and explanations.
Believing that there is merit to nonfiction read-alouds, I am encouraged by the
results of my study when broken down by word types.
Incidental Acquisition of Technical and Nontechnical Vocabulary
Words on the vocabulary matching tests were made up of two types: 19 technical
words that are specific to the science curriculum, and 13 nontechnical words that serve to
connect and expand the text, but are not unique to the science curriculum. There were
two distractors on each of the three sections of the vocabulary matching tests. Because
students have limited LSS (Fang, 20008b), the definitions were created using common
language and avoiding the use of technical words in the definitions, which might confuse
and frustrate students. Like previous studies ( Elley, 1989; Nagy et al., 1985, 1987; Stahl
et al., 1990; Schwanenflugal et al., 1997), the students were required to recognize the
meanings of the target words on the vocabulary matching tests. Only two groups, the
high-ability treatment group and the middle-ability control group, made significant gains.
The positive technical word results agree with previous studies that found
students learn embedded target words whether in an oral context (Brett et al., 1996; Elley,
1989; Stahl et al., 1990) or a written context (Carnine et al., 1984; Carroll and Drum,
1982; Jenkins et al., 1989; Konopak et al., 1987; Nagy et al., 1985; Shefelbine, 1990;
Schwanenflugal et al., 1997). The longitudinal study by Fang (2008b) also yielded
positive gains on vocabulary and science assessments. On the vocabulary matching tests,
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some students demonstrated that they recognized words they had heard multiple times in
the read-alouds. These results supported my main hypothesis that students who listen to
read-alouds will learn more words than those who do not. The gains made by the middleability control group are difficult to explain. It is not clear why certain students learned
the words that were included on the test, but it may be that the test itself clued them to the
words in the environment, or that they knew they would be tested again on the words at a
later date.
In further consideration of the surprising negative results of the nontechnical
words, other researchers (Elley, 1989; McKeown & Curtis, 1987; Nagy et al. 1985) who
analyzed target words found that the less known words, usually content specific words,
were learned more readily than nontechnical words. Also, the nontechnical words
connect concepts, but must appear ambiguous in meaning to eighth-graders. Nontechnical
words are not the focus of content area teachers who are responsible for concepts and
content-specific vocabulary. Nontechnical words were not the focus of the read-alouds
either. The content of the read-alouds focused on physics concepts from the eighth-grade
science curriculum. When used in the read-aloud sessions, the nontechnical words
appeared in a variety of contexts, including biographical information about Newton,
descriptions of force and motion applied to roller coasters, and demonstrations of gravity
with comic book heroes (see Appendix M). Since their purpose was to connect and
expand ideas, they had no concrete meanings. In addition, the nontechnical words do not
usually have the typical contextual clues such as synonyms, definitions, and explanations
that technical words have.
Several studies focused on the context clues surrounding embedded target words.
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Carnine et al. (1984) found that older students were able to figure out unknown words if
the context clues were synonyms situated close to the unknown word in the text. Carroll
and Drum (1983) found that context clues affect word learning, and students define
words differently depending on the context clues in the text. Jenkins et al. (1989) found
that instruction in deriving word meanings from context was effective. Carlisle et al.
(2000) found that students acquire vocabulary gradually from both oral and written
contexts in science classes. Nagy et al. (1985, 1987) found children do incidentally learn
vocabulary from context during free reading. Konopak et al. (1987) found that when
students encountered vocabulary in a textbook passage and a news article, they learned
vocabulary from the context without specific direction. All of these studies support the
acquisition of vocabulary in context, as does my study.
Ability Levels and Vocabulary Acquisition
Students’ ability level does influence their acquisition of vocabulary. Several
studies (Blachowicz & Fisher, 2000; Elley, 1989; Shefelbine, 1990; Stahl et al., 1990)
found that the low-ability groups gained more in vocabulary than the high-ability groups,
but they often do not catch up. This might be explained by the fact that they knew less to
begin with and so had more room for growth. However, the concern remains that they do
not catch up (Blachowicz & Fisher, 2000). In my study, it is students in the high-ability
treatment group who made the most gains. Unfortunately, I did not have enough data
from the low-ability group, so I could only analyze the results in terms of the high- and
middle-ability groups.
Contrary to previous studies (Elley, 1989; Stahl et al., 1990) the middle-ability
treatment group in this study did not appear to learn vocabulary as measured by the word
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recognition total vocabulary matching task after listening to read-alouds. However, many
of the previous studies analyzed the target words by number of exposures, parts of
speech, contextual clues, and connection to content and concepts (Beck, McKeown, and
McCaslin, 1983; Nagy et al., 1987). This study only divided the target words by the two
categories of technical and nontechnical words. Separate analyses of the gains made on
technical and nontechnical words by the two ability groups provided further insight on
the results from this study.
Results from the technical matching vocabulary according to ability levels show
that the high-ability treatment group and the middle-ability control group made
significant gains. The control group did not listen to read-alouds, so why they showed a
gain might be explained by such outside influences as the media, personal reading, or
other factors out of the realm of the study. Even though the middle-ability control group
vocabulary matching gains were statistically significant, their gain was only half the gain
of the high-ability treatment group. It appears the high-ability treatment group learned
more vocabulary than did any other groups. Still the question remains: Why did the
middle-ability treatment group only gain an average 0.2 words? This is less than either of
the control ability groups. I do not have a definitive explanation for this. It could be that
the test was not sensitive enough. The matching test is a recognition test, not a test of
derived meanings. The technical and nontechnical words were randomly distributed
across the three sections of the pretests. The posttest was created by randomly regrouping
the target words and their definitions across three sections. It could be that the regrouping
made the choices more confusing for some students in the middle-ability treatment group.
The combinations of target words on the pretest and posttest might have had a negative
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effect on some students, specifically those in the middle-ability treatment group, and a
positive effect on students who did well in the other groups. There was no control or
pattern used in dividing the target words into three sections. It was totally random,
including the two distractors in each of the three sections. The students might not be used
to matching tests with extra definitions. The quizzes they usually get involve one-to-one
matches or multiple choice.
The middle-ability treatment group might have had other factors affecting their
gain scores. According to the science teacher, there was a substitute for some of the
classes. Some students might have rushed through the posttest. Some students gave
flippant answers like, “Gravity: don’t you mean gravy?”, and “The force be with you.” In
addition to funny answers, others might have misread the words. For example some
answers for friction were the definitions for fraction and fiction (see Appendix N).
Analyses of the nontechnical words is consistent across the ability groups of both
the treatment group and the control group. Contrary to predictions of gain, results show
that the means of all four groups went down. Yet, the total vocabulary gain for the highability treatment group is significant. This total gain appears to be dependent solely on
the increase in technical vocabulary scores since the nontechnical scores actually
declined. As in the previous discussion about the whole group results, the exposures to
the nontechnical words are scattered throughout the read-aloud sessions, are not
connected to specific concepts, serve to expand and make connections, have multiple
meanings, are not repeated as often as the technical words, and do not have unique
scientific definitions as do the technical words. On the other hand, the technical words are
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repeated many time, and connect to the topic of the read-aloud as well as to physics
concepts.
Development of Word Knowledge after Listening to Read-alouds
In addition to the vocabulary matching tests, which are recognition tasks, students
generated definitions for six technical words that were repeated more than 60 times
throughout the nonfiction read-alouds. This task required that the students derive their
own meanings for the words. Similar to previous studies (Jenkins et al., 1989; McKeown
& Curtis, 1987) when students derive meaning they do so in various forms, including the
use of synonyms, definitions, and sentences. In this study, the student-generated
definitions were scored by two people: the eighth-grade science teacher and the
researcher. A scoring guide and rubric were used in this process. As I hypothesized, the
treatment group made more gain on the student-generated definitions than did the control
group. In addition, when the results were analyzed by ability groups, the only group to
make statistically significant gains was the high-ability treatment group. Based on other
studies (Blachowicz & Fisher, 2000; Elley, 1989; Shefelbine, 1990; Stahl et al., 1990),
students who start off knowing less vocabulary, even if they make gains with
interventions, do not catch up to the high-ability groups. The high-ability group might
have known more words to begin with. They might be more sophisticated in expressing
their ideas than the middle-ability group. This is unfortunate, and better methods for
vocabulary acquisition need to be developed and researched to support students who need
the support.
In this study, I was also interested in finding out if students moved up in levels of
word knowledge as a result of listening to read-alouds. When students are given open-
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ended tasks, they are able to show what they know. Rather than be confined by forcedchoice questions and answers on matching or multiple-choice tests, they are free to bring
forth their perceptions and connections to a word when asked to define it, explain it, or
use it in a sentence that demonstrates meaning. The words chosen for the studentgenerated definitions were all technical words that were defined, explained, and
connected to the real world through the read-alouds. In addition, students were not
limited to one right answer, or definition; there were many possible answers. Within the
possible answers there exist four levels of vocabulary knowledge, the top two levels
indicating that the student does know the word, or knows the word well. In matching,
there was only one correct answer possible, while in defining the word there were many
answers, and four different levels of understanding. In many content area classrooms,
teachers avoid open-ended questions because they are difficult to grade (Appleton, 2007;
Kesidou & Roseman, 2001). Yet, like the math teachers who give partial credit to
students who show their work and indicate an understanding of the concept even if they
get the wrong answer, student-generated definitions show that a student is moving toward
a complete understanding of a word.
There was a definite shift in word level knowledge for the whole treatment group.
In the two highest levels of word knowledge, the percentage of students from the
treatment group increased by a total of 12%. The increase for the control group is only
4%. As predicted, reading aloud to the treatment group contributed to their deeper
understanding of the technical vocabulary targeted in the study. After listening to the
explanations of the physics concepts as they applied to real-life situations like golf, roller
coasters, basketball, and superheroes, students in the treatment group were better able to
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derive meanings of the target vocabulary. The texts were natural texts, with real words,
and important scientific concepts. They were read to eighth-graders before they started
the unit of study in science class. For this reason, read-alouds can be considered a viable
method for upper-grade content area classrooms even without discussions, explicit
explanations of vocabulary, or direct connection to science lessons.
Student Responses to Nonfiction Read-alouds in Science Classes
Once all the data were collected and analyzed, I attempted to interview eighthgrade students. It was the second semester, so it was not recommended that I take
students out of their science classes as they were making final preparations for leaving
middle school and entering high school. Instead, I interviewed them on their own time on
a volunteer basis. I considered myself fortunate to get five student interviews. Since I was
able to get only five interviews, their responses can only be used on a limited basis to
enhance this discussion of the findings.
Overall, the students listened to some, if not all, of the read-alouds. According to
the interviewees and the eighth-grade science teacher, the read-alouds were engaging for
those already interested in science and might have been interesting because of the reallife connections to those not so interested in science. But for some, they were boring,
even though the interviewees claimed they were better than reading the textbook. The
behavior during the read-alouds, while not always 100% attentive as observed by the
reader and the eighth-grade science teacher, was respectful and not disruptive.
Responses from the interviewees included the use of some of the target
vocabulary, scientists, and concepts. However, at the time of the interviews, students had
participated in many physics lessons in science class after listening to the read-alouds.
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The students interviewed did say they learned something from the read-alouds, even if it
was soon forgotten as was the case with one girl who hates science. The read-alouds
introduced science vocabulary and concepts that provided prior knowledge when the
lessons were taught in class. With each encounter with the ideas, vocabulary, and
concepts, students’ understanding deepens (Carlisle et al., 2000).
The interviewees said that read-alouds should be done in science class in the
future. Their suggestions included making the sessions shorter and choosing topics that
would interest the kids. The science teachers made similar suggestions. Based on the
student interviews, even though limited in number, read-alouds can be included as a
viable classroom activity if modified for the students’ interests and closely connected to
science class content.
Teacher Responses to the Idea of Nonfiction Read-alouds in Science Classes
Anne’s use of read-aloud in science class. Anne, a sixth-grade science teacher,
has been using various forms of read-aloud with her science classes for as long as she can
remember. She reads voraciously, and appears to enjoy sharing with anyone who is
interested, child or adult. However, four years ago, she intentionally incorporated readalouds in the science curriculum in order to accommodate special education students who
were included in her science classes. As was mentioned before, the district includes all
students in science classes because of the amount of hands-on activity in the curriculum.
Still, even with hands-on activities, there is text to read, vocabulary to learn, and concepts
to develop. Anne uses newspapers, adult science text, catalogues, advertisements, comic
books, and picture books to introduce new units of study, reinforce concepts, provide
connections to daily lives, and clarify confusing ideas with different levels of text. Like
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Tovani (2004) she knows that she can pique student interest with short, connected,
diverse text.
The sixth-grade teacher invited one of the special education aides to speak to the
class about her new convection oven to help clarify the concept of convection. The
students were fascinated by the information. Often when they see her they ask about her
convection oven. More importantly, everyone got the question correct on the first test of
the year.
Science picture books. Anne began to use more picture books for read-aloud since
there are so many new quality science picture books available the last several years
(Fang, 2008b). She convinced a seventh-grade teacher to read a worm fairy tale that had
enough fact in it to scaffold student learning. She read picture book biographies such as
Snowflake Bently, and Gregor Mendel: The Friar Who Grew Peas to introduce students
to scientists. She also read Close to the Wind: The Beaufort Scale to explain a concept.
Adult-level science trade books. Sometimes Anne reads adult science books to her
students because of the depth of information and explanation. Fang’s concern (2006) that
trade books would have limited scientific vocabulary and watered-down concepts is
Anne’s concern, too. Bill Bryson is a favorite of hers because of his masterful use of
language and his inclusion of scientific vocabulary (Bryson, 2003). Even though the text
is above her students’ reading levels, she believes they can understand it because of the
way she reads and the selections she chooses. She knows her students, and connects to
them and their interests. She uses her voice, proximity, and eye-contact to hold students’
attention. She also plays the audio version of Bryson’s book narrated by him. She was so
convincing and excited while reading Bryson, the kids thought he was their teacher’s best
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friend. She was also able to convince her cohort group to read Bryson’s A Short History
of Nearly Everything as a class text.
Vocabulary issues in science textbooks. According to Anne, issues surrounding
textbooks are twofold. On one hand, the text must be easy enough for kids to read. On the
other hand, the scientific vocabulary is essential for the discipline (Fang, 2006). To make
the text accessible to the young reader, the vocabulary and sentence structure have to be
simplified. But, to truly represent scientific concepts, technical vocabulary and complex
sentence structure are unavoidable. If the textbooks are chosen for their scholarly
treatment of the science content then she asks several questions: “Should the vocabulary
be taught before reading the text? Should the kids be coming up with their own
definitions and then read? Or should the kids read and then figure out the definitions?”
All of her questions concern other science educators and researchers. Fang (2006)
analyzed the LSS, the language of school and science, and demonstrates the complexity
of science syntax and semantics. Researchers have found that preteaching vocabulary
benefits students (Santoro, et al. 2008; Senechal & Cornell, 1993; Smolkin & Donovan,
2001; Stahl & Clark, 1987; Yopp & Yopp, 2000, 2006), so hers are questions that cannot
be ignored.
Science materials. Anne identified a trend in science text publishing. Currently
there are encyclopedia Web sites that publish text at several levels. For example, the
student who wants to read about global warming will find three levels of text in the
online version of Encyclopedia Britannica: elementary school, middle school, and high
school. Each level has information about global warming, but the density of text,
vocabulary levels, and concept difficulty increase across the three levels. Similar to this
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method of presenting differentiated text on a topic, she found a science textbook
company that produces three levels of texts for a given grade level and science content.
Each level has the same diagrams, charts, and photographs, but the difficulty of the
vocabulary and the explanations are stratified. The really great feature of this text is that,
regardless of the readability level, everyone turns to the same page.
In order to support student learning in science, the sixth-grade does not use the
workbook pages from the textbook company. Anne does not send home the textbook for
the students to read and answer questions. Instead she does a variety of activities,
including concrete science poetry, vocabulary ballet, raps, songs, and WGN-TV Chief
Meteorologist, Tom Skelling’s answers to readers’ questions. She encourages use of
analogy and student-generated test questions. Students in her class think, pair share, and
present to the class, in addition to discussion. Because she reads to the class and takes
them beyond the text on a regular basis, her students eagerly participate in these practice
activities, not even realizing that they replace textbook reading and questions.
Toward the end of the interview, Anne noted that it sounds like she is obsessed
with science vocabulary. “Just knowing vocabulary does not mean they know science.
However, it is hard to progress in science if you do not know the language.” I think this
sums up her concern and my promotion of read-alouds with deep science content and
broad science vocabulary.
Anne wants the kids to get excited about science, and she is willing to do
whatever it takes to get the concepts across, especially read-aloud.
Eighth-grade science teacher. I also interviewed the eighth-grade teacher who
teaches the classes in the study. In addition to the issues Anne brought up, Lois had some
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observations to share from watching students during the read-aloud sessions and working
with them when the study was completed.
Observations from the eighth-grade science teacher. Lois noted that there were
eighth-grade students who listened to the read-alouds about physics because they are
interested in science, do outside reading of science, and have enough prior knowledge to
follow the read-alouds. But, there are others who were lost because they did not
understand the science behind the read-aloud articles, or they did not have enough
background knowledge to be able to connect to the read-alouds. For many reasons, Lois
thought the students would have connected more readily to the read-alouds had she been
the reader. “I would have emphasized different words, stressed different phrases, and
used my voice to call attention to certain concepts.” She pointed out that, as the physics
teacher, she would know better than I how to use her voice to get the points across.
However, she also noted that she would interject her own comments while reading in a
way that is more natural than having a researcher come in, read, and leave. This would
“muddy your study,” she noted. Since she knows the students and their abilities better
than I did, she could engage them and connect to them in ways I could not.
Lois’s use of read-alouds in science class. When asked if she used read-alouds in
science class, Lois said, “If I had been more on the ball this year I would have, but...” She
said she would read less often than I did, and for fewer minutes. In order to use readaloud in a natural way, she would only read to the students when introducing a new unit
or concept. She thinks that physics is “the least accessible of all the sciences, and yet,
ironically, physics is how the whole world works.” She also believes that “most people
are intimidated” by physics. The study of physics is new to eighth-graders, and they are
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“afraid of it.” She said she has used read-alouds in the past including Snowflake Bently,
Everyone Needs a Rock, and poetry, and she will use them again. However, she notes it is
difficult to find materials related to physics. I certainly concur. It was very difficult to
find material on a level higher than eighth-grade but not too abstract for eighth-graders.
Eighth-grade science textbook. Like Anne, Lois is also concerned about textbook
accessibility noting that the book she uses is written at a high eighth-grade level. Its
scientific language, referred to by Fang as LSS (Fang, 2006), is new and difficult for
eighth-graders. The various reading abilities in the class also limit accessibility to the
textbook, so Lois thinks “they need to have it read out loud to them.” She explained that
she gives to students DVDs that are published by the textbook company. These
recordings follow the text word-for-word. When asked if she thought the students
listened, she said they do. She knows they do because they tell her so, and they
understand much of the science content according to their contributions to discussions
and their quiz results.
Science vocabulary. Lois also reported that her students look up words in the
glossary, use the vocabulary in class, and take vocabulary quizzes after many exposures
to the vocabulary. In addition to the textbook, they are exposed to the vocabulary during
hands-on activities, labs, and in-class discussions. Often her students work in pairs to
complete a lab assignment and put together a short presentation. In order to assess her
students’ science knowledge, she uses multiple-choice tests, fill-in-the-blanks with word
banks, and written responses to questions.
Before seeing the results of the vocabulary acquisition study, she predicted that
students would do better on student-generated definitions than the vocabulary matching.
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She thought that, since they had heard the words in context, they would be able to write
what they thought more easily than match someone else’s definitions to the vocabulary.
The results of my study confirmed her predictions.
Survey From Science Teachers in a Cohort Masters Degree Program
In order to get a small glimpse of what science teachers think of the potential of
nonfiction read-alouds for upper-grades, I sent surveys to 10 teachers working on the
master’s degrees in science. Once again, as was the case with the student interviews, the
number of surveys is limited: only four teachers returned the survey. However, they
represent grades kindergarten through ninth-grade. All four rely on textbooks as their
main resource. The exception is one teacher who runs a science activity center for
kindergarten through fifth-grade. She only reads Bartholomew and the Oobleck to firstgraders when they do the oobleck activity. But she reports that the classroom teachers use
the textbook and read to students, while in the center she does the hands-on “lessons that
are too hard or too messy” for the classroom. The ninth-grade biology teacher describes
read-aloud as teachers or students reading the textbook out loud in class. When the
teacher reads aloud, she models her thought process. Her students read the text
independently also. Regardless of the reading method, in this teacher’s class note-taking
is the predominant literary activity. Beyond the textbook, students and teachers read
newspapers and magazines, discuss, and take notes. The middle-school teacher spends
time previewing the textbook with students by looking at captions, pictures, and
headings, and highlighting important information. Her students listen, discuss, draw, and
write as the subject matter dictates. The middle-school math and science teacher uses
media in addition to the textbook. After PowerPoint presentations or United Streaming,
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student discuss or do labs. As in most science curriculums, these teachers all rely on
textbooks as their main resource (Osborne et al., 2003). None of them read aloud from
other materials on a regular, or even occasional, basis.
Conclusions and Implications
Reading to students in the content areas is a worthwhile use of time, and it
contributes to vocabulary learning. In this limited study, high-ability level students
learned vocabulary. Since they learned vocabulary, implications exist to support reading
aloud nonfiction to older students.
Vocabulary is essential for comprehending in both fictional and expository text. It
is especially frustrating for students in content area classrooms to read texts with many
unknown vocabulary words. There are so many new words, new concepts, and new
meanings for previously known words, that it is impossible to directly teach all the
content area vocabulary. There is a need for developing vocabulary instruction in the
content area classrooms, yet, there is no research that supports any one method. So, it is
necessary to develop a variety of methods for vocabulary development. One method is
reading-aloud. Nuances of meaning occur when vocabulary is used in various contexts.
Students need multiple exposures to vocabulary in different contexts over time.
Developing read-aloud methods that are rich in vocabulary and context clues will support
vocabulary acquisition. If wide reading contributes to vocabulary acquisition in fictional
texts, then exposing students to concepts and vocabulary through nonfiction read-alouds
will also result in vocabulary development. In this study, the read-aloud method was
limited to read-aloud alone, no interaction or discussion about the read-aloud content
occurred. If the students were invited to discuss, question, and connect the read-alouds to
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the textbook lessons and science labs, then their vocabulary would develop more fully
than it did in the study. Academic language is challenging to read and use, so the more
exposure to this language the better students will be able to understand it.
Class time is limited in departmentalized middle-schools. Even though wide
reading contributes to vocabulary acquisition, there is no extra time for wide reading in
content area classes. In this study, the 14 read-aloud sessions lasted about ten minutes.
Since this was ten minutes taken from instruction, it was not a practical method that
teachers would use. I attempted to keep students’ attention by using a dynamic read-aloud
voice and eye-contact. However, since I did not engage students in discussion or any
other interactive method, the sessions were limited in their effectiveness. Shorter
interactive read-alouds would be a more efficient use of the limited time teachers have in
departmentalized classes. If students could ask questions, visualize, illustrate, label, and
discuss the content of the read-alouds, then the method would be more appealing to
teachers and more beneficial for students.
In any classroom, the teacher is the most important factor for student learning. At
a time in public education when interest in science is diminishing, it is the teacher’s
enthusiasm that will hook students into learning science. The teachers interviewed and
surveyed for the study all agreed that vocabulary is paramount to developing
understanding of science concepts, yet they were limited by the textbooks and
supplementary materials available to them. They need instructional methods developed
specifically for science classes. Instructional methods that involve language activities
would engage students and build their understanding of scientific concepts. Emersion in
the language of science through read-alouds, discussions, hands-on activities, and reading
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and writing projects would provide the multiple exposures to vocabulary that is necessary
for acquisition. When students are given opportunities to construct their understanding of
science concepts, these concepts will be more deeply understood. Once understanding is
developed, students will be more interested and motivated in science. When instruction in
limited to what the textbook provides, it is difficult to hold students’ attention.
If instruction is to be developed that goes beyond what the textbook provides,
teachers will need time and support. Plans for staff development are extremely important.
The school district needs to provide opportunities and materials for teachers to explore
and develop instructional methods. Visiting other schools, taking workshops and classes,
and having time to gather and examine materials could be a staff development project.
Conversations among science teachers from all grade levels within a district would be a
worthwhile activity. In the district where this study took place, such conversations have
been implemented, but not specifically for science. The district gives continuing
professional development hours for conversations, so there is a format science teachers
could use. The district also involves teachers in curriculum planning. However, even with
these structures, the teachers need direction and methods that have been researched in
order to progress and strengthen their instruction.
The planning involved for setting up my research was time-consuming and
challenging. Although I took a minimalist approach in choosing the treatment in this
study, I did not take a minimalist approach for gathering the texts, designing the readaloud sessions, or choosing the target words. Many days were spent finding physics texts,
reading them, rejecting some, and deciding on which would be most beneficial and
interesting for students. Most of the gathering I did alone with some help from librarians.
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A classroom teacher would need help in finding suitable read-aloud materials. This may
be a job for a reading specialist or reading coach. However, since some students in my
study did acquire vocabulary while just listening to the read-alouds, the study was
worthwhile. But, a more elaborate, interactive read-aloud method might produce stronger
results. If the read-alouds were combined with science instruction as a part of the ongoing learning routine, the approach would be pedagogically stronger. The implications
of the study are that more studies are needed to test the effectiveness of a variety of readaloud methods on the incidental vocabulary acquisition of students in content area
classes.
Much of my time went into determining the target words for the study. After
reviewing the textbook and the curriculum with the science teachers, I had a list of 100
words. Because I decided to use natural texts, it was difficult to find selections that
repeated the target words multiple times within and across texts. After much deliberation,
I decided upon 32 target words. Of these words, 19 were technical words, and 13 were
nontechnical words. Since the positive results from the study were limited to the technical
words, there remains a concern that nontechnical words affect comprehension of
expository text. The implications for acquiring nontechnical vocabulary include direct
instruction in the way these words are used to connect and expand scientific concepts.
Science teachers may not have the means to analyze the use of such words, so staff
development and support from the reading specialist is necessary to support them.
In order to support the incidental acquisition of vocabulary through read-aloud
activities, the science teacher needs to determine which words are most likely to cause
students difficulty, prioritize the importance of the words in the science curriculum, and
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develop strategies for students to show they are learning the vocabulary. Student
activities that include visualizing, drawing, illustrating, and labeling would support
vocabulary acquisition. Opportunities to discuss, write about, and orally explain
vocabulary and concepts would deepen students’ knowledge of science concepts and
vocabulary. Experiences that involve exploration, problem-solving, and deductive
reasoning would be time-consuming to design, but would engage students and provide
them with exposure to science vocabulary and concepts.
In designing the study, I choose two types of assessment of vocabulary learning.
The matching assessment is an association task. Students matched the target words by
associating them with definitions provided on the pretest and posttest. This task limits the
student to making decisions using words provided for them. Because I wanted to
determine if students acquired deeper understanding of words, I also included a
generative task. Students used their own words to define the vocabulary or use the
vocabulary in sentences. If teachers want to know what their students know and have
learned, they need to use a variety of assessments. Once again, ongoing professional
development is needed to provide teachers with ways of assessing knowledge.
Reading to students in the content area is a worthwhile use of time, and it
contributes to incidental vocabulary acquisition. Teachers need to be interested in the
science they teach. Finding engaging informational texts and other print materials
available will lead to vocabulary growth.
Interactive read-alouds are more engaging and result in more vocabulary
acquisition than pure read-alouds. Even though students listened to the read-alouds
during this study, it was a passive activity. Teachers who use all their skills to engage
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students during a read-aloud will certainly reap the benefits of their search for good readaloud material.
Reading to students in content areas can provide background and scaffolding.
Even a five-minute piece can pique a student’s interest, and introduce him or her to
vocabulary and concepts. In the case of Anne’s reading aloud to her students, they
became interested in reading on their own. With the influx of good informational picture
books, there are ever-increasing opportunities for read-alouds. Checking for awardwinning books can make the search more efficient than taking long hours to search the
library shelves.
Now that this study is complete, I have so many more ideas that I would like to
research. If I were to do the study again I would continue to use natural text, but I would
abandon the simple the read-alouds for interactive and engaging read-aloud activities.
The sessions would connect to instruction, last only five minutes, and occur less often
than every day for three weeks. I would also include visuals with the read-alouds since
the science concepts are new to students and students need visual as well as verbal cues.
And, if given the opportunity, I would do a similar study in social studies classes.
Limitations of the Study
1. After reviewing the literature and reflecting upon this study, I see there were
many limitations. The limitations of this quasi-experimental study include the use of
intact classrooms and natural text. While these are limitations, they are indicative of real
teaching and learning. To take students out of their natural setting changes their attitudes
and takes time that older students do not usually have since they are busy with
extracurricular activities, family obligations, and social events. Other studies may use
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contrived texts, but again, it is natural texts that teachers are most likely to use (Tovani,
2004).
2. As comes with intact classrooms, there was no controlling for attendance in this
study. I thought that since the words were repeated throughout the read-alouds, students
who miss a session might pick up the words in the other sessions. I had no reason to
believe missing a session would have a major effect on gain scores. In addition, the
attendance records for this middle-school average 95.6 %.
3. There was no control for extraneous learning during this study. Gains might be
the result of other factors beyond the read-alouds. Students read, watch television, go to
museums, and experience many things outside of school. However, they were not being
taught the vocabulary in the science classes.
4. The classes in this study are heterogeneous, but the low-ability students get
support from special education teachers, resource teachers, STAR teachers who help
them with organization, and after-school tutors. Most of them have test-taking
accommodations. Since there was no time to develop alternative tests, and many of their
parents did not sign the Informed Consent, there were not enough students in the lowability group to include in the data analyses.
5. According to Lois, the study would yield higher gain results if she had done the
reading. She knows the content better than I and would use inflexions, emphasis, facial
expression, and other verbal techniques to assure that students heard the important
information and concepts.
6. For the eighth-grade students in this study, the science of physics is new. They
do not have background experiences from previous years’ science curriculum. Ironically,
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the laws of physics affect everything they do every day, but they are not aware of the
importance of physics, nor do they come to eighth-grade with a great deal prior
knowledge and vocabulary.
7. One aspect of the study design included pure read-aloud. Using a pure readaloud protocol eliminates spontaneous questions students might want answered. No
discussion or references were made to the read-aloud topics. Pure read-aloud is not the
way teachers usually use read-alouds. In addition, the number and length of read-aloud
sessions in a classroom would vary according to the unit of study and read-aloud
materials, unlike the consistency of this study.
8. Another aspect of the study design limited the analysis and choice of the target
words to simply technical and nontechnical. I did not consider parts of speech, specific
context clues, or syntax. Beyond the distinction of technical or nontechnical, I only
considered number of exposures to the words, and I did not control them beyond the
choice of nonfiction text that included them.
9. Gathering the read-alouds was a long process and was limited to what I could
find that would yield 10 minutes of connected text with the target words embedded
naturally. I prepared 14 read-aloud sessions by cutting texts to fit the time constraints.
The target words were found in their natural state ninety-nine percent of the time. In a
few cases, I substituted target words for synonyms in the text in order to assure multiple
exposures for all the target vocabulary. The text also had to be above the reading level of
the students as often recommended (Allen, 2000; Leminack & Wadsworth, 2006;
Richardson, 2000). This meant I went to adult bookshelves rather than elementary trade
books. There are plenty of recommended nonfiction books written at or above eighth-
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grade levels. The Sibert Award (American Library Association, 2009) is a good source
for such texts. However, books for older children are rarely written on physics topics. A
more natural way to incorporate read-alouds in upper-grade classrooms is to use shorter,
attention-grabbing, current events articles, pamphlets, brochures, comics, and catalogues
(Tovani, 2004). Tovani’s methods engage students because she knows her students and
their interests. On one occasion, she had to give a demonstration lesson on viruses,
which, she admitted to the students, she found boring, but that was the lesson at hand.
One of the observing teachers disagreed with her and even mentioned that there are many
fascinating informational texts about viruses. Tovani looked at the teacher and said,
“Then why aren’t you using those articles with your students?” (Tovani, 2004, p. 4). Like
the teachers I surveyed, even though excited and interested in science, the teacher in
Tovani’s story was not bringing resources into the classroom that would make science
real to the kids. Now, I am not saying that the read-alouds I did were all that exciting, I
wish they had been. That is one of the limitations of this study. They also did not include
visuals, and visualization, or imaging, content is important for understanding and
connecting knowledge (McKee & Ogle, 2005).
10. The vocabulary assessment tool was created by the science teacher and me,
and so was limited. It was developed much the same way classroom teachers create
assessments with the goal of monitoring students’ understanding of the vocabulary and
concepts in the class. The task of matching definitions rather than using multiple choice
was more like what classroom teachers would do. It takes more statistical considerations
to make balanced multiple choices for questions. In this study, I avoided using science
words to define the target words. Instead I used common language. The dictionaries I
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used to write definitions were limited. However, after the study, I found a dictionary
(Collins, 2007) that is different from the traditional dictionary because it uses sentences
to explain words rather than synonyms and phrases.
11. The student-generated definitions were also limited. The eighth-grade science
teacher and I worked together to determine which student responses fit into which wordknowledge levels. We created a chart with explanations and examples from the studentgenerated definitions (see Appendices M and N). We scored each student-generated
definition separately and then discussed both the rubric and the discrepancies in our
scoring until we reached agreement. The assessment tool was limited. I tried to make it
similar to the assessments teachers make up on a regular basis, but I was unable to be
spontaneous as would a classroom teacher.
12. The number of interviews and surveys, while adding perspective to the
quantitative data, was too limited. Other than the sixth- and eighth-grade teachers who
teach where the study took place, there had been no plan originally for collecting
qualitative data through interviews or surveys. However, as I discussed the study and
continued to read the literature in the field, the interviews seemed like a good way to
connect the test scores and the read-aloud methodology to the real teachers and students.
13. While the numbers of interviews and surveys were limited, the two long
interviews with the science teachers in the school connected closely to the curriculum, the
students, and the study. It would have been helpful if the eighth-grade teacher had done
formal observations of students’ behavior during the study. Even though this quasiexperimental study is fraught with limitations, there remain some valid conclusions.
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Recommendations for Further Research
Further research is needed in the area of incidental vocabulary acquisition,
especially using interactive methods that go beyond passive listening. There is so much
vocabulary to learn in the content areas.
Since reading aloud is so vital and effective an activity in the lower elementary
grades, it needs to be explored for content area learning. It is difficult to give students
first-hand experiences with the many and varied science concepts covered in middleschool. Interactive read-aloud research is needed to determine if emersion in the language
of science would support vocabulary acquisition as well as conceptual learning.
Vocabulary is the basis of learning in science. If the vocabulary is limited or
watered down in texts and classrooms, then students will not completely understand
scientific concepts. Research focused on the vocabulary acquisition in the content area is
needed. Which types of words students are most likely to learn incidentally in oral and
written contexts? The vocabulary words and the language structures used in content area
texts, especially in science texts, are complicated. Research is needed in text structures
and context clues that support students’ incidental learning, independent learning.
Clearly, more research is needed in the upper-grades content area classes.
Interactive read-alouds need to be explored in upper-grade content area classes, and
students in upper-grade content areas need examples of real-life connections.
Someone needs to research and preparing expository and other nonfiction texts
for read-alouds in the content area classes. There are many engaging nonfiction books,
essays, cartoons, editorials, pamphlets, and informational books written, but they are hard
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to access. It takes time and financial resources to locate these materials. Consultants are
needed to develop materials beyond textbooks and pilot test materials with students.
Research involving reading in the content areas, especially in terms of incidental
vocabulary and content area learning, is needed. Even more important is the need for
providing content area teachers with instructional methods that will enhance their
teaching of content without taking too much of their preparation time, or the class time.
When I began this study, I was looking for an answer to the question, Could
eighth-graders learn vocabulary from listening to nonfiction read-alouds? Reading aloud
is so satisfying to both reader and listener. While the answer to the question is, “Yes!”,
this research did not provide a clear-cut simple answer to my question. Instead, it
generated more questions and many possibilities for further research. I believe that the
potential exists for incidental vocabulary acquisition through nonfiction read-alouds, and
I hope my study will serve to inspire others to research further.
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Appendix A
Pilot Vocabulary Test Form A

NAME:________________________________________
Match the words in column A with the words in column B
by printing the letter of the definition next to the word.
WORDS

DEFINITIONS

1.

density_____

A. speed and direction of a moving object

2.

mass_____

B. the study of matter, force, and motion

3.

property_____

C. energy stored due to position

4.

acceleration _____

D. amount of matter in an object

5.

projectile_____

E. power to

6.

velocity_____

F. push or pull that one body exerts on another

7.

force_____

G. characteristic quality

8.

friction_____

H. SI unit of energy

9.

inertia _____

I. resistance of an object to a change in its motion

10. physics _____

J. amount of force needed to change its motion

11. momentum _____

K. rate of change of velocity

12. energy _____

L. the path a projectile makes through space friction

13. potential energy _____ M. force that opposes motion between two surfaces
14. joules _____

N. mass per volume of a material

15. trajectory_____

0. a thing that is thrown or shot through the air

What do you know about the following words? (meaning, use, connection)
hypothesize
_______________________________________________________________________
_______________________________________________________________________
synthesize
______________________________________________________________________
_______________________________________________________________________

139

Appendix B
Pilot Vocabulary Test Form B

NAME:________________________________________
Match the words in column A with the words in column B
by printing the letter of the definition next to the word.
WORDS

DEFINITIONS

1. apparatus_____

A. with absolute accuracy

2. spontaneously

B. not exactly

3. essence

C. suddenly

4. derived

D. reach a conclusion

5. variable

E. the quality of something that identifies it

6. simultaneously

F. piece of machinery, a tool, or a device used

7. precisely

G. explain in great detail

8. determine

H. combine different ideas in a new whole idea

9. synthesized

I. changed to the opposite

10. proximity

J. closeness in space or time

11. approximately

K. happening at the same time

12. clarify

L. strong statement that something is true

13. inversely

M. find out something after investigation

14. hypothesis

N. educated guess using what you know or have

observed
15. assertion

O. quantity that has more than a single value

What do you know about the following words? (meaning, use, connection)
acceleration
_______________________________________________________________________
________________________________________________________________________
mass
________________________________________________________________________
________________________________________________________________________
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Appendix C
Read-aloud Sources

Bodanis, D. (2000). E=mc2: A biography of the most famous equation. New York:
Berkley Publishing Group.
Bryson, B. (2003). A short history of nearly everything. Broadway Books.
Fontanella, J. (2006). The physics of basketball. Baltimore: The Johns-Hopkins
University Press.
Greenberger, R. (2005). How do we know? The nature of energy. New York: The Rosen
Publishing Group, Inc.
Gundersen, P. Eric. (1999). The handy physics answer book. Canton, MI: Visible Ink
Press.
Kakalios, J. (2005). The physics of super heroes. Gotham Books.
Kelly, K. (2006). That's not in my science book: A compilation of little-known facts. New
York: Taylor Trade Publishing.
Moring, G. (2000). The complete idiot's guide to understanding Einstein. Indianapolis:
Macmillan USA, Inc.
Sandborg, D. (1996). Physics of roller coasters. Retrieved 3-30-07
Sastamoinen, S. (2002). Roller coaster physics: The science behind the thrills. University
of Alaska.
Wolke, R. (2000). What Einstein told his barber: More scientific answers to everyday
questions. New York: Dell Publishing.
Zimmerman, Z. (1993). Why nothing can travel faster than light.

141

Appendix D
Order of Read-aloud Selections
Order

Title

Summary of Topics

1

How Isaac Newton, the Greatest Scientist of All,

Newton’s Laws

Changed Our View of the Universe
2

Newton’s Clockwork Universe

Scientific method

3

The Final Four

Force

4

What Is Energy?

Developing knowledge
of

5

Roller Coaster Physics: Part I

Physics of roller
coasters

6

Roller Coaster Physics: Part II

Physics of roller
coasters

7

A World Without Friction

Friction, heat, friction
reduction, need for
friction

8

Einstein Made Clear (Enough)

Biography

9

More About the Most Famous Equation in the

Relativity examples

World
10

Movin’ and Shakin’ Part I: Jump…Now!

Weightlessness, bullets,
gravity

11

Movin’ and Shakin’ Part II: Ready, Set…Jump

Elevators and Airplanes

Again.
12
13

Physics of Superheroes: Superman I: Up, Up, and

Gravity, acceleration,

Away

mass, forces and motion

Physics of Superheroes: Superman II: In a Single

Gravity, velocity

Bound
14

Physics of Superheroes: Spiderman: The Day
Gwen Stacy Died
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Impulse and momentum

Appendix E
Word Data Chart

NUMBER

WORD

MEANING

a change in
the rate of
speed
to study
something in
detail to
discover more
about it

PRETEST I
II III StudentGenerated
Definitions

NUMBER OF
EXPOSURES

TECHNICAL
NONTECHNICAL

I DEFINE

67

Tech

I

9

non

1

acceleration

2

analyze

3

approximately

about right

III

5

non

4

concept

a big idea

III

21

non

5

consequence

a result

I

18

non

6

demonstrate

to proove

II

6

non

7

derive

to reach a
conclusion

III

5

non

8

determine

to figure out

I

20

non

9

empirical

II

5

tech

10

energy

III DEFINE

99

tech

11

exert

I

28

tech

12

factor

II

11

tech

13

force

III DEFINE

241

tech

14

friction

II DEFINE

71

tech

information
based on
observation
the power or
ability to
cause change
to apply
pressure
something that
influences the
results
a push or pull
that tends to
stop, start, or
alter the
movement of
an object
stops objects
from sliding
past each
other, slows
down
movement
between two
surfaces
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15

gravity

16

hypotheses

17

inertia

18

inversely

19

joules

20

kinetic energy

21

mass

22

matter

23

momentum

24

motion

25

newton

26

perspective

27

physics

28

potential energy

29

precisely

an attraction
between any
two objects
and the earth
an outcome
based on
knowledge or
observation
the tendency
of a body at
rest to stay
still or move
in a straight
line

II DEFINE

85

tech

II

1

tech

III

10

tech

I

4

non

II

19

tech

I

12

tech

III

62

tech

II

19

tech

I

9

tech

I DEFINE

66

tech

a unit used to
measure force

I

5

tech

a point of
view

II

6

non

III

30

tech

I

12

tech

II

5

non

changed to
opposite
the unit
measure of
energy
the power or
ability of an
object to move
based on its
size and speed
the amount of
material in an
object
a substance
that can be
seen or
touched
the amount of
force needed
to change
motion
the continuous
change of
position over
time

the study of
the natural
world
including
matter, energy
and relations
between them
the stored
power or
ability to
move
accurately or
exactly
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to say what is
going to
happen
an equal and
opposite pull
or bush of one
body when
another body
acts on it

30

predict

III

5

non

31

reaction

III

13

tech

32

relative

I

10

non

33

relativity

III

19

tech

34

resistance

II

23

tech

35

significant

III

11

non

36

simultaneously

at the same
time

I

9

tech

theory

an educated
guess using
what is known
and observed

37

III

24

tech

38

trajectory

the path of an
object

I

8

tech

39

variable

a quantity with
more than one
value

III

5

tech

40

velocity

the speed of a
moving object

II

52

tech

compared to
the
relationship of
matter, time
and space
to prevent or
slow down
movement
a major or
important
effect
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Appendix F
Vocabulary by Session

SESSION
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3

TEXT

VOCABULARY
acceleration
concepts
derive
determine
exerted
force
friction
gravity
inertia
mass
motion
newton
perspective
physics
predicted
reaction
relativity
resistance
significant
spontaneously
theory
velocity

Isaac Newton

Newton Law Universal
Gravitation +

analyze
concepts (ual)
consequences
determine
empirical
forces
gravity (ation)
hypotheses
mass
motion
newton
physics
predict
significant
theory
acceleration
analyze
determine
exerts

The Final Four: Basketball
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NUMBER OF
EXPOSURES
14
2
2
1
1
12
3
2
4
8
8
2
1
1
1
3
1
1
1
1
2
1
1
3
3
1
2
6
10
5
1
6
1
1
6
1
5
32
1
3
2

3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5

factor
force
gravity(ational)
inertia
mass
motion
newtons
physics
projectile
reaction
resistance
simultaneously
velocity
acceleration
concepts
derive
energy
exerted
force
gravity (ation)
inertia
inversely
joules
kenetic energy
mass
momentum
motion
perspective
physics
potential energy
precise
significant
spontaneously
theory
acceleration
analyzing
concepts
energy
exerted
factors
forces
friction
gravity
kenetic energy
motion
physics
potential energy
relativity

What is Energy?

Roller Coasters I
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2
86
44
5
19
6
3
5
1
7
1
1
12
4
3
1
25
4
11
3
3
1
2
2
4
2
17
2
1
2
1
1
1
3
13
4
6
16
8
2
24
3
9
12
2
5
12
2

5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8

Roller Coasters II

A World Without Friction

Einstein Made Clear (Enough)
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resistance
simultaneously
theory
trajectory
acceleration
analysis
consequences
energy
exerted
factor
force
friction
gravity
inertia
inversely
kenetic energy
physics
potential energy
precise(ly)
predict
relative(ly)
resistance
significant
theoretically
variable
consequences
empirical
energy
force
friction
gravity
mass
motion
proximity
resistant
resisting
simultaneously
analyze
concepts
consequence
energy
factor
force
gravity
inertia
inversely
mass
perspective

3
1
3
2
4
2
1
2
8
3
42
4
6
1
2
1
3
3
2
1
2
1
1
1
2
7
1
1
7
59
1
1
2
1
3
2
1
1
1
3
11
1
1
1
1
1
5
2

8
8
8
8
8
8
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
11
11
11

E=mc2

Movin' and Shakin' Jump Now

Movin' and Shakin' Ready, Set,
Jump
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physics
predict(able)
reaction
relativity
significant
simultaneously
theory
accelerates
analyzed
concepts
consequence
empirical
energy
force
gravity
joules
mass
motion
perspective
physics
potential energy
relativity
significant
simultaneously
theory
variable
accelerates
analyze
consequences
energy
exerted
force
friction
gravity(ational)
hypothetical
inversely
motion
physics
resistance
significant
simultaneously
velocity

2
1
1
10
2
1
11
1
1
2
1
1
7
2
10
2
2
2
1
2
1
11
2
3
11
1
1
1
2
1
2
11
10
20
2
1
4
1
13
1
1
7

analyzing
concepts
consequence
determine
energy
force

1
1
1
1
6
7

11
11
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
13
13
13
13
13
13
13
13
14
14
14
14
15
15
15
15

Forces and Motion: Superman

Law of Gravity:In a Single Bound

Impulse and Momentum:
Spiderman

The Final Fate of Gwen Stacey
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gravity(ational)
hypothesize
joules
mass
momentum
motion
physics
reaction
relatively
resistance
simultaneously
velocity
acceleration(ing)
concept
consequently
derive
determine
exerts
force
friction
gravitational
gravity
inertia
mass
motion
perspective
physics
reaction
resistance
trajectory
variable
velocity
acceleration
derived
determined
force
gravity
mass
motion
velocity

2
1
2
4
2
6
1
2
1
1
3
3
21
1
1
1
1
6
38
3
4
12
1
15
15
2
2
1
3
2
2
9
16
1
4
16
9
4
5
13

consequently
momentum
motion
physics
acceleration
analyze
consequently
determine

1
1
1
1
3
2
1
1

15
15
15
15
15
15
15
15
15
15
15
15

energy
factor
forces
gravity
mass
momentum
motion
physics
relative
resistance
trajectory
velocity
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2
1
24
4
2
5
3
6
1
3
1
1

Appendix G
Vocabulary Pretest Part I

Match the words in column A with the words in column B
by printing the letter of the meaning next to the word.
WORDS

MEANINGS

1. trajectory _____

A. the path of an object

2. exert _____

B. to study something in detail to discover more about

it
3. simultaneously _____

C. to figure something out

4. consequence_____

D. changed to opposite

5. momentum_____

E. at the same time

6. potential energy _____

F. a unit used to measure force

7. newton _____

G. the modern version of the metric system

8. relative _____

H. to apply pressure

9. analyze_____

I. the stored power or ability to move

10. determine____

J. the amount of pushing or pulling needed to change
movement

11. inversely _____

K. study of what makes the world work

12. kinetic energy _____

L. the power or ability of an object to move
M. a result
N. compared to

In your own words define the following vocabulary. You may use the word in a sentence, connect
it to experience or ideas, and/or define the meaning.
motion
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
acceleration
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Appendix H
Vocabulary Pretest Part II

Match the words in column A with the words in column B
by printing the letter of the meaning next to the word.
WORDS

MEANINGS

12. velocity _____

A. to be accurate or exact

13. demonstrate_____

B. a point of view

14. precisely _____

C. to prevent or slow down movement

15. hypothesis _____

D. to prove

16. perspective _____

E. an educated guess based on knowledge or
observation

17. resistance _____

F. a substance that can be seen or touched

18. empirical _____

G. power you exert on a lever

19. joules _____

H. information based on proof and observation

20. factor

I. movement over time

21. matter

J. the speed of a moving object
K. something that influences the results
L. the unit of measure for energy

In your own words define the following vocabulary. You may use the word in a sentence, connect
it to experience or ideas, and/or define the meaning.
gravity
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
friction
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Appendix I
Vocabulary Pretest Part III

Match the words in column A with the words in column B
by printing the letter of the meaning next to the word.
WORDS

MEANINGS

1. variable _____

A. a major or important effect

2. relativity_____

B. to say what is going to happen

3. approximately _____

C. the unit of measure for force

4. theory _____

D. an equal and opposite pull or push of one body
when another body acts on it.

5. significant _____

E. the tendency of a body to stay still or continue to
move in a straight line

6. mass _____
7. concept _____
8. inertia _____
9. physics _____

F. the relationship of time, matter, and space
G. to exert power over an object
H. a belief built upon proof and observation
I. about right

10. derive _____

J. to reach a conclusion

11. predict _____

K. a big idea

12. reaction _____

L. the study of the natural world including matter,
energy and relations between them.
M. a quantity with more than one value
N. the amount of material in a object

In your own words define the following vocabulary. You may use the word in a sentence, connect
it to experience or ideas, and/or define the meaning.
force
______________________________________________________________________________
______________________________________________________________________________
energy
______________________________________________________________________________
______________________________________________________________________________
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Appendix J
Vocabulary Posttest Part I

Match the words in column A with the words in column B
by printing the letter of the meaning next to the word.
WORDS

MEANINGS

1. trajectory _____

A. speed of a moving object

2. consequence _____

B. information based on proof and observation

3. newton _____

C. a quantity with more than one value

4. determine_____

D. the tendency of a body at rest to stay still or move in
a straight line

5. velocity_____

E. a unit used to measure force

6. hypothesis _____

F. a substance that can be seen or touched

7. empirical _____

G. the power you exert on a lever

8. matter _____

H. the modern version of the metric system

9. variable_____

I. a result

10. relativity____

J. to figure something out

11. concept _____

K. the big idea

12. inertia _____

L. the relationship of time, matter, and space
M. the path of an object
N. an outcome based on knowledge or observation

In your own words define the following vocabulary. You may use the word in a sentence, connect
it to experience or ideas, and/or define the meaning.
force
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
friction
__________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Appendix K
Vocabulary Posttest Part II

Match the words in column A with the words in column B
by printing the letter of the meaning next to the word.
WORDS

MEANINGS

1. theory _____

A. changed to opposite

2. predict _____

C. point of view

3. significant _____

D. compared to

4. demonstrate _____

E. a major or important effect

5. perspective _____

F. movement over time

6. exert_____

G. to say what is going to happen

7. momentum_____

H. to prove

8. inversely _____

I. an educated guess using what is known and
observed

9.

relative _____

J. the speed of a moving object
K. the unit of measure for energy
M. the amount of pushing or pulling needed to
change movement

In your own words define the following vocabulary. You may use the word in a sentence,
connect it to experience or ideas, and/or define the meaning.
gravity
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

energy
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Appendix L
Vocabulary Posttest Part III

Match the words in column A with the words in column B
by printing the letter of the meaning next to the word.
WORDS

MEANINGS

1. precisely _____

A. the stored power or ability to move

2. resistance _____

B. to study something in detail to discover
more about it

3. factor _____

C. the amount of material in an object

4. approximately _____

D. an equal pull or push of one body when
another acts on it

5. mass _____

E. about right

6. physics _____

F. at the same time

7. reaction _____

G. to reach a conclusion

8. simultaneously _____

H. something that influences the results

9. potential energy_____

I. to exert power over an object

10. analyze _____

J. preventing or slowing down

11. kinetic energy _____

K. to be accurate or exact

12. derive _____

L. movement in orbit
M. the power or ability of an object to move
based on its size and speed
N. the study of the natural world including matter,
energy and relationships between them

In your own words define the following vocabulary. You may use the word in a sentence, connect
it to experience or ideas, and/or define the meaning.
motion
______________________________________________________________________________
______________________________________________________________________________
acceleration
______________________________________________________________________________
______________________________________________________________________________
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Appendix M
Level of Word Knowledge: (McKeown & Curtis, 1987 p. 43) 3-25-08
Stage

Explanation

Criteria

Example

1

Never saw it

Nothing,
incomplete, or
wrong

Motion: The movement in which something
travels
Acceleration: to be at a higher level
Gravity:
Friction: something that isn’t true or real,
people arguing
Force:
Energy: I have energy

2

Heard of it

Use in a
generic
sentence or
definition,
correct part of
speech, repeat
word as part of
explanation,
example

Motion: There is lots of motion behind that
bush.
Acceleration: Is going faster, kind of
vibrating
Acceleration: The care in lane 8 has great
acceleration.
Gravity: The thing that keeps us down on
earth.
Friction: Stopping a bike or a car creates
friction.
Force: Wind Power Sun
Force: I used force to open the can.
Energy: I have no energy left.

3

Recognize it in
Synonym, use
context, has to do meaningfully
with
in context

Motion: movement
Acceleration: To gain speed.
Gravity: A force that pulls you down
Gravity: is the force that holds us down on
earth. The bigger the planet, the heavier the
gravity.
Friction: happens when two things are rubbed
together
Friction: When 2 things are rubbed together,
it creates heat.
The box I was pushing wouldn’t move
because of the friction between it and the
carpeted floor.
Force: is the push or pull between any two
objects.
Energy: Plants use sunlight as energy to
produce their own food.
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4

Know it, can
define it, can use
it in a
meaningful
sentence

Explanation
connected to
science,
physics

Motion: the continuous change of position
over time
Acceleration: a change in the rate of speed
Acceleration: means to speed up or go faster.
To accelerate in a car would mean that you
increase your speed.
Gravity: an attraction between any two
objects or between an object and the earth
Gravity: The gravity of the earth pulled the
falling rock down. N. Pull to the center
Friction: stops objects from sliding past each
other, slows down movement between two
surfaces
Friction: is a created force that slows down a
moving object.
Force: a push or pull that tends to stop, start,
or alter the movement of an object
Force: is the amount of something pushing or
pulling on an object. An object that weighs
more will need more force to move than a
lighter object.
Energy: the power or ability to cause change
Energy: power to make things work.
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Appendix N
Scoring Points for Student-generated Definitions
Notes regarding comparison of science teacher’s scoring of student-generated definitions
to my score.
These points and the Word Knowledge Levels were created by me and the science
teacher.
SPECIFIC POINTS
• motion defined as movement is a 3 since it is a synonym (motion/movement
energy/power)
• sentences using the word correctly (syntax) but with no supporting detail that
evidences understanding of the word is only a 2
• defer to LK if definition is beyond my expected answer
• references to Star Wars generally receive a 1
• no answer is a 1
• no marks on LK’s scores mean agreement
• circles on LK’s scores defer to her score
• cross outs on LK’s scores mean I disagree and either keep my score, or
compromise
• penciled in scores on LK’s scores mean this is the changed score
OTHER OBSERVATIONS/LIMITATIONS
For some of the classes a substitute gave the posttests. Some students may not have taken
the task seriously.
Some students did not try, but gave flippant answers.
The force be with you and other Star Wars references
Gravity: don’t you mean gravy?
I don’t know the guy next to me doesn’t have it so I don’t know
Some students misread the words or may have not taken the task seriously.
Motion/lotion
Friction/fraction/fiction
Some students gave nonphysics related answers
Friction: when people argue it causes friction
Some students on posttest and delayed posttest left definitions blank even though they
had given adequate answers on pretest.
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Appendix O
Student #133 Pretest
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Appendix P
Student #133 Posttest
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